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N()N-UBFri,S(llCN(JE OF ANTHERS IN PUNJAB-AJIERICAN 
COTTONS. 


BY 

TREVOR TROUOHT, M.A., 

G0U071 li^search Botanist^ 

(Received for publication on 23rd April 1928.) 

The following preliminary note of a phenomenon which is at present under 
investigation at Lyallpur gives some details of observations made to date on the 
non-dehiscen.ce of anthers in Pmijab-American cottons. 

0. P. Gook ^ has reported a case in Griiatemala in 1905 where cotton, grown at 
a, height of 2,600 feet above sea level failed to set any bolls on account of the 11011 - 
dehisoence of anthers, and consequent lack of pollination, and ascribes this to the 
continuously humid and cool conditions which prevailed. Balls mentions on page 
69 of “The Cotton Plant in Egypt” that non-pollination occurs “ of course in cotton 
but it does not seem to be common under ordinary conditions,” This non-pollina- 
tion, however, probably was not due to non-dehiscence of anthers. No case of non- 
dehiscence was observed by the writer in Egypt, though cases of non-pollination were 
noted on still windless days in flowers with fully dehisced anthers. Kearney ^ 
who conducted extensive pollination experiments on American and Egyptian- 
American cotton also makes no record of the phenomenon in America. Barber ® 
has reported a non-dehiscence of sugar-cane anthers. His paper gives the impres- 
sion that this nGn-dehisceiice may be due to an unsuitable climate, or incomplete 
acclimatisation of foreign canes. 

The non-dehiscence in American cotton in the Punjab is, at certain times of the 
year, complete ; every flower which opens at these times shows no dehiscence of 
any anther. Attention was first directed to this rather surprising condition by the 
fact that the shedding record in 1926 showed that on many days in June and July 
every flow’-er which opened shed within the next few days. This was thought to be 
unusual and when looking for the cause of this, the non-dehiscence of anthers with 
the consequent non-fertilisation of the flowers appeared to provide the immediate 

' Cook, 0. F. Tlie Causes of shedtling iu cotton. Jom. IJered. Vol. XIX, 1921, p. 199. 

-Kearney, T, H. Self Fertilisation and Cross Fertilisation in Pima Oottoa. U. S. D. A. I>ept| 
•Bull, im, 1923. 

* Barber. 0. A. Studies in IncUaii Sugarcane, Memoir Dept, of Agrie, {Doat, t^eries) Vol. 8| 
1926, p. 109. 
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contributory cause. From the date of this observation, records were taken from 

time to time showing the progress of dehiscence ; for it was o1)vions ihat, sooner ^ 

or later if any crop were to be obtained, dehiscence niiist occnr. During 1927 

daily records have been taken as it was foimd that sinismodic records were not 

completely satisfactory. 

One of the symptoms of the failure of Punjab-American cotton in 1926 was the i 

poor development of seed and lint in many of those bolls which opened and it may 
be possible that the primary originating cause of this poor development of the seed I 

and lint may have affected also the development of the pollen in the earlier part of | 

the season. It is of interest to note that the records so far obtained for 1927 seem I 

to show that the incidence of non-dehiscence was not so severe as in 1926. ^ 


Progress of dehisoenoe in normal anthers. 



^ The normal progress of .dehiscence was observed under a binocular dissecting 
microscope at the end of August. Continuous observation was maintained from 
8 A.M. to 10 a.m. The anthers are kidney-shaped with two longitudinal pollen sacs, 
separated by a septum, and a central longitudinal suture. Dehiscence generally 
starts at one or both ends of the suture and proceeds slowly towards the centre of 
the anther. The progress of dehiscence is so slow’- that it cannot he followed by eye, 
but during the period of observation, the cleft gradually widened until the two thecae 
were^ completely separated. The pollen grains were seen to be regularly arranged 
within the cavity of the thecae at the time the two margins of the valves came 
apart. 

The junction of the thecae does not always give way along the whole length of 
the anther. The two valves sometimes remain joined up at the centre. At this 
stage, whether separation is complete or not, the valves do not show any reflection 
on themselves, though by evening they are generally completely reflexed. Pollen 
protrudes immediately from the fully opened thecae and the movement gives the 
impression of a slow “ welling up ” from the cavity. The gi’ains creep over the 
edges of the valve margin. The same effect is observed in those anthers which 
do not split completely. The fact that the valves a, re still joined at the centre does 
not prevent the protrusion of the pollen grains. In the case of two particular 
anthers which were observed continuously from 8 a.m. to 11 a.m. on the 6th Septem- 
er, the first anther was nearly fully opened, only being joined just a,t centre of the 
wo valves. The second anther had only a small opening at one end. The width 
ot t ese openings only increased very slightly if at all {no increase could be observed 
y eye during the time of observation). Pollen grains however welled up and over- 
flowed as in a normally opened anther, 

^ The mechanism of anther dehiscence in cotton has not been definitely deter- 
nnne , but it seems doubtful whether it can he explained entirely on the generally 
accepted lines of anther dehiscence (See the text books of Sachs, Jost, etc.). For 
examp e, in addition to the evidence of the above observations, when undehisced 
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anthers from fully opened flowers were split with a very fine needle along the line of 
dehisceiiofi, the valves did not fly back as would be expected if any strain in the 
cell walls liad been set up. Second, two flowers which opened in an artificially dried 
atmosphere did not show dehiscence. Third, from a preliminary examination of 
regular records of anthei's dehiscence taken in 1927, it appears that the time of 
dehiscence did not depend on the humidity of the atmosphere, as a majority of 
flowers had dehisced anthers at a time when hygrograph records showed the humi- 
dity to be at or about its maximum. [Fourth, cases of split anthers with the valves 
still incurved were frequently observed. On the other hand, when partially opened 
anthers are placed in Carnoy’s fluid there is an immediate springing apart of the 
valves. Oarnoy’s fluid would, presumably, extract water from the anther tissues 
at once. 

The anther wall has an inner layer of cells which is differentially thickened and 
is typical of tissue which is adapted for hygroscopic movement (See Fig. 226, p. 666 
of Haberland’s Physiological Plant Anatomy, 1914). Thus, though the original 
dehiscence may not he brought aboiit by hygroscopic action, it appears that hygro- 
scopic action completes the opening of the valves. As suggested to the writer by 
Dr. Lawrence Balls, the “ welling up ” of the pollen grains could then he explained 
by the slow contraction of the anther wall pushing the grains up and out of the cavity. 

DiSTRiBirrioN. 

Eegular observations were only made at Lyallpur, but casual observations in 
1926 showed the phenomenon to he present at Risalawala 5 miles from Lyallpur, 
in ordinary zemindaris cotton near Iiyallpur, at Okara in the Montgomery District 
and at Khanewal in the Multan District. Further observations in 1927 show the 
condition to be widespread, and that the percentage of non-dehisced flowers at 
different localities is generally of the same order of magnitude as at Lyallpur on 
any day. 

It has been observed in 4F, 285F, 289F Punjab- American types and an Egyptian 
variety grown at Lyallpur and in different pure line strains of Punjab- American 
cotton growing at Lyallpur. It is not, therefore, confined to one variety though 
the records show that different varieties show the effect to different degreCvS. It 
seems very probable for example that 285F is more susceptible than 4F. This 
difference in varieties lends colour to the suggestion that the original cause of non- 
dehiscence may be the same as that which ultimately caused the 1926 failure. 4F, 
being a ‘ hardier ’ variety than 285F, did not seem to be affected to the same degree 
as 286F. 

Non-dehiscence has not been observed to occur in desi [Indian] cottons. 

Appearance op non-dehisced anthers. 

The anthers in many cases appear quite normal and it is not possible to dis- 
tinguish by eye before dehiscence, those anthers which will later dehisce from Idiose 
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whidi will not doliisce. Several lowers, however, show withers “ 

wrinWed appearance or in which the epidermis over the anther e.aviiy dehnit y 

'“'mere also appears to he some difference in the stmetnro of the 

non-dehisced and dehisced anthers which frequenWy show 

reaction when fixed in Carnoy’s, This, however, is not mv.ariable and may ho 

accidental . 

Pollen gbseevattons. 

Anthers were preserved in alcohol and examined under the microscope and 

ithas W fLd in those so far examined that, in every ease, the non- 

deLedantherseontainpollenwhiohisnotfullydevelopedmsom^^^^ 

it is fonnd that the external wall of the pollen gram w fully ’ lonn 

protoplasmic contents of the grain are ^“'"^aunltd "T 

which would be taken hy a punctured soft mdiarahher ball wl i. 

Barber (?oc. A) found that non-dehisced anthers of sugarcane eonlained 
developed mass of pollen mother cells. , . 

Denham ^ .savs that in the early stages of the growth of the 8'"" , 

applance is observed. Material to examine this point « hemg colleoted to find 
out at what stage the growth of the pollen grain is arrested. 

In the eoiime of attempts to work out a stomg techmque for P^” f “ 
was found that staining the anther in hulk with eafranin. 
with light green in clove oil frequently gave a ye^ very 
which took the light green. The technique of this double ^ 

precise. This differential staining enabled an interesting 
on the arrangement of the pores in the grains. In all cases 
staining was clearly defined, it was found that the pores 

figure on the surface of the gi'ain. This figure had a dumh-Ml or "8”" ® 
e|ht outline and followed precisely the line of the seam found m the^ ordinary two 
pL covering of a tennis hall (Plate I). The number of P<>« 
ronstant but varied from 16 to 24. A similar arrangement of pores was found 
the pollen grains of Urn cotton mth. however, fewer pores. _ 

Denham, in his figure of a transverse section of a pore, refers t • p 
of the protoplasm as beinp; immediately siibiacent to the pore opemiij,. 
pollen grain, differentially stained as mentioned 

It- x;' . : ■nTnf.nnlasmifi contents separate from the outer cover ng , 


' iDeehan.rH. ,1. The Cytology of the Cotta. Ptat. ,WWey 4/tae(r«. Vol. HI, IW, 
. 227 . 


PLATE L 



Representation of the arrangement of pores on a pollen grain of 4F, Cotton. 


Diagram showing 
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The pores tliereforc do not open direct to the cell contents bnt axe merely openings 
in the exfcine. 

Denham states further that during the ripening of the anthers the pollen grains 
grow in size. 

In view of the observations on anther dehiscence noted above, the fact that 
non-dehisced anthers contained pollen which was shrivelled and had apparently 
received a check to its growth, suggested that the first cause of dehiscence might 
be connected with this gi.'owth of the pollen grain. Actual measurements made on 
pollen grains so far show only that there are considerable differences between single 
anthers collected at the same time from the same flower. Further work is necessary, 
taking precautions to ensure that the cover slip cannot press on the grains, before a 
comparison of measurements between grains on different slides can be considered 
satisfactory. There are however indications that this growth does occur, and 
continues up to the dehiscence of the anthers. 

1927 Obsebvationb. 

Diagrams showing the percentage dehiscence of 4F and 285F cottons are repro- 
duced in Plate II. ' 

The curves are from records on approximately 40 flowers examined at random 
daily in the different varieties, the number of flowers showing dehiscence and non- 
dehiscence being recorded sej)arately. 

The fall of the curve is very similar for this full series of observations to the curve 
obtained in 1920 from more spasmodic observations. It is intended to correlate 
this curve at the end of the season with the plant development curves and meteoro- 
logical data curves which are taken as a regular routine of the station. It is inter- 
esting to note here, however, that the daily variations correspond to some extent 
with the daily increase in height records. Also there appears to be some general 
detrimental factor operating from the middle of June to the end of July. Condi- 
tions favourable to growth appear to favour dehiscence and conditions mifavourable 
to growth increase the amount of non-dehiscence. The period of complete non- 
dehiscence corresponds with the period when daily flowering is at a minimum. 

Further records on different varieties, and on 4F plots which have been subjected 
to different manurial and cultural treatments, all show little variation in percentage 
of non-dehiscience either on account of maimrial treatment or culture. Locality and 
variety exercise some effect on the amplitude of the curves, but the daily fliictua- 
tioiis and general shape of the curves do not appear to depend on available food 
in the soil or on available water. 
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STUDIES m THE WILT DISEASE OF COTTON 
IN THE BOMBAY KARNATAK, 

SERIES 1. 


G. S. KULKARNI, x^I.Ag., 

AND 

B. B. MUNDKUR, M.A. 

(Keceived for publication on 16th Apri), 1928 ) 


I. INTRODUCTION. 

DY 

HAROLD H. MANN, D.Sc. 


Ie every country where cotton is grown, the crop suffers to a greater or less ex- 
tent, from loss due to death of the j3lants in a manner which is generally classed as 
Wilt . The most obvioUvS symptom in the affected individuals is the gradual tlroop- 
ing and then withering, either of the whole plant or of a particular branch. ThivS 
drooping generally appears first in the lowest or oldest leaves, and gradually pro- 
ceeds upward until all leaves droop and die, and, in most cases, the whole plant, 
or the branch affected, withers, tmuis yellow and finally brown, and is lost. The 
plants affected in this way may succumb at any stage of their grov?th, from seedlings 
barely two weeks old to adult plants. Gradual death in the manner described is 
usual, but very rapid mortality is by no means uncommon. Plants where the main 
stem is attacked, whose leaves have shed and whose branches are killed, often 
throw out new shoots from near the base, which grow to entirety, thoxigh such in- 
dividuals can generally be recognised by their dwarfed and bushy appearance. 

Appearances such as those described are found, as already stated, in all country's 
growing cotton, and in maziy areas in India, form one of the most serious di^ 
of the crop. The extent of damage naturally varies from area to area, 
comsiderable .in all the cotton districts of the Bombay Presidency. Cert 
are always more affected than others, and in these it is not uncommon t( 
thing from 20 to 60 per cent, of the plants dead. In Gujarat., more pa^ 

' ■ UT ) ■ 
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in i^roiicli; sodjo of the heavily affected areas may show up to 20 per coit. loss of the 
crop, lu Khandesh, lE some fields, a destruction of from 30 to hi per eent, is not 
iinconiinon, while in the Karnatak, the damage is perluips greatcu' tlian a;uywh('r(‘ 
else, and iiekls arc rmincrous where as much as GO per cent, of tin? p]a,7it.s have heeii 
lost. 

The actual loss has not, however, been exactly determined, but vai’ious estimates 
have been made. Butler ^ estimated a one per cent, loss over the whohi emuitry 
in 19.12, due to wilt, hut the basis of this estimate hardly seems sulheient for full 
reliance to l)e placed on it. The actual loss, in certain areas of tlic Central rrovincavs , 
from wilts, based on careful local observations at various periods, v'as recorded I)}-- 
Ajrekar and Bal - in 1921. They state that in 1907, there was a loss of 5 ])or cciik 
of plants in the Saunor District, on estimates made hy Evans. In the f(d]owing 
year (1908), Butler found 30 per cent, loss on an area of 80 acres Jiear Akola ( Bera,rs). 
In 1911-12, Clouston determined the amount in five villages neai' Yeotmal as 33 
pcjr cent., in four villages near Amraoti (Berars) at 25 pox cent, in thTe<'. villages near 
Akola at 18 per cent., and in a village in thcBuldana Distrkit, at 10 per (auit. In 
1919 an area under rosm-nt Aiid gaormd cotton in the EllicJij^ur District lost 47 ]jer 
of plants. Whihj, in the same year, in a village named Ivandly whert^ hinhioor 
jari cotton was grown, the percentiige of loss came to ID. The latest figures for tlio 
whole of the Bombay Presidency, from figures supplied by G. S. Kullcarni, indicaf o 
that the averag(i loss cannot be less than 5 per cent. 

All those who have studied the subject agree that tin; damagt; is rapidly in- 
creasing. Kottur for instance, after long experience of cotton in the Southern 
Maratha Country, notes in 1924; that Observations indicate that wilt is extending ” 
in that area. Dastur again in 1924, states that it has spread to an alarming (extent 
and is continuing to spread much in the Central Provinces and .Berars. This being 
the case, the importance of the investigation of th<\sc wilt diseases is snilicieaitly 
obvioiis. Hence, in 1923, I placed a proposal ])efore the Indian Central Cotton Com- 
mittee that th<iy should finance a thorough investigation into wilt of cotton in the. 
Bombay Presidency, to l)e conducted in the area which was most notorious for the 
disease, namely the Bombay Karnatak. Th(j Committee agreed to do so and tluj 
Bombay Government provided land and laboratory accommodation on tlie. Govern- 
ment .Experimental Farm (Station) at Dharwar. Mr. G. S. Kulkarni, whos(i work 
on various crop diseases in the Bombay Presidency was akoady well kjiown, was 
selected to take charge of the actual impiiry which was comnumeed in Sopt(unl)er 
1923 and has thus been going on for four and half years. The series, of memoirs 

^ Butler, E J. Jteport Agri. Bes. Institute, Pusa for 1913-14. 

® Ajrekar, y. L., and Bal, D. V. Wilt disease of cotton in the Central Provinces. Agri. Jour, of 
Ma, Vol. XVI, 1921, p. 598. 

^Kottur, G. L. Cotton Wilt in the Southern Maratha Country. Agri, Jour, of India, Vol.KlX, 
p. 165, (1924). 

^ Dastur, J. P. Investigation of Cotton Wilt in the Central Provinces. Agri. Jour, of India, 
Vol XIX, (1924), p. 261. 
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to wiiicli tlie present note is an introduction include tlie data wliicli liave been ob- 
tained and the general results AvMch liave been secured. 

At this stage, however, attention may well bo drawn to the fact that the destruc- 
tion of cotton plants in the manner already described is certainly not due to a single 
cause or cv(;n. is not associatecl with any one agent. Ajrelvar and Bal (loc-cit.) 
expressly caution tlieinselves against taking it for granted that all’ wilted plants 
are due to a pa.rticiilar fungus, and call attention to the very widespread loss, with 
almost exactly similar external symptoms, associated with the cotton stem borer 
{Sphempiera gossypii). Again, in Sind, where wilting of the plants is not uncommon, 
the most common associated agency seems to RMzoclonia fungus. But the 
organism most frequently associated with the disease in the greater paid of the 
Bombay Presidency, is a species of Fiisarkim, which cannot be difi'erentiated mor- 
phologically from a fungus discovered in Alabama (U. S. A.) in 1892. It is thii 
particular form of wilt that is associated with this fungus that has occupied ex- 
clusively the attention of Mr. Kulkarni and his staff in the last five years. Though 
the association of the cotton plant and the fungus is constant, yet the relationship 
between them has remained very uncertain. The necessity of trying to clear up 
the nature of this relationship has guided a great deal of the work to lie recordetl 
in the present and succeeding memoirs, but it has not prevented attention being 
given to other methods of attack, such as the breeding of resistant strains of cotton 
suited for the area, of which an account will be given in its place. 
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IL IITE PAiUSlTLSj\r OF THE EUSABIUM ATED 

WITH THE WILT DISEASE OE COTTON. 


■ ■ , . BY ■ 

a. S. KULKAENI, M.Ag. 

It w'ill be well to coiiimence the present account of experiments to detenniiie 
the parasitism of the Fiisanmn fungus found con.sta.ntly as.sociatefl with the wilt 
disease of cotton in the Southern Maratha. Country (Bombay Karjiatak) ]>y a more 
detailed ac{;ount of the symptoms of the disease as they occaiT in the area in (question. 

The most obvious sign of wilt in tlie affected cotton plants is the di-ooping and 
wilting of the lea.v<^s which, generally proceeds from the base upwards, either on a 
hraiicli or on the wJlo]<.^ plant, — the shoot or plant affected finally lianging down. 
The withcrc<l leaves may become^ yellow and then brown, by which time the plant 
is (lead. Plants ma,y succumb at any stage of their growdli, £rom seedlings barely 
two weiiks old to adult plants. While gradual withering is the rule, plants which 
have wilted suddenly are not uiu-onimoii. Plants partially attacked are of frequent 
occurrence. Plants couipletely attacked, whose leaves are shed and branches 
killed, often r<‘cover })y the development of new shoots from the base, but .such 
plants can be generally recogni.sed by their dwarfed and bu.shy a 3 )pearance. In 
fields where wilt attack i.s of reiituit origin, a few withered ]fiant.s will usually f>e 
found soon after the seedling.s come uj\ — and owing to their small size, these usually 
escape; notice. They, liowever, serve, a.s .starting points of wilt affected j^atches. 
In the followi.ng crop, a. somewhat larger number of plant.s will generally be found 
to (lie round such centres, and gradually the patcdies are thus widened in successive 
cro|)S, — so that in a few yearsthey cannot be ignored. Large jjatches of thi.s charac^ter 
a.rc found in all heavily affected fields (Plate T). It would thus appear thaf. the 
disease may often occur long before it is likely to l)e noticed by the actual growth 
of the cotton. 

tsoedlings in advanced stages of attack often show at the base of the st(mi, a 
di.scoloration of the bark which extends on to the tap root. In fully doA’clopt'd 
plant.s, however, no .such discoloration is noticed, but on removing the bark, the 
tissues below, both at the base of the stem and on the upper roots, are always found 
blackened in streaks or in .strips (Plate 11, fig. 1, a). Such stems or roots, wlu.ui 
.split open, show dark streaks a.long the vas(.5ular strands (Plate IT, fig, 2). T.h(>.se 
streaks, in advanced cases of attack, c.an be traced not only in the base, of the main 
st(‘Tii. and tap root, but also higher up in the stem and branches, and a.l,so in most 
of the side roots. 
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STUDIES IN THE WILT DISEASE OF OOrrON 


The microscopic study of affected roots shows the following [.n. ihc 

early stages of attack there is a yellowing of the vessels and of the surmiiiuliiig tissue. 
Later ou this colour may change to brown and ocuaisiojially to dark bnnvji.. .vhui)' 
of such coloured vessels contain the hyphat! of a fungus which at times cotupietely 
fill them (Plate 111. fig. i). Fungus hyphae, however, maybe fouud also in 
vessels apparently normal, that is to say, whioii do Jiot show' any dis(.',oiora,( i(tn. 
On the other hand, many affected vessels are Idled, only witli <lii.rk giinituy ma.,sscs. 
In the larger plants, similar fungus hyphae are found not only in the (hirkened 
portion of the root and stem, but can i>e tracied much high.er up the. stem and 
branclu'S and even in the fruit pedicels. The connection of this fungus which is so 
constantly associated with the disease as it occurs in the ifombay Ka.nia.i'.ali has 
hitherto been doubtful, and the present study consists in an attempt i-o (h'tormine 
whether it is truly parasitic on the eottoix plant,— its exact .relationship to wilt 
attack in cotton bemg hdt for consideration in a later .s(‘ction of ihe ]>resciit s(>ric.s 
of memoirs. 

FuSARIUM LUNGUS ASSOGlA'J’in) WITH tJOTTON WILT, 

The fungus was (irst described at Alabama, in the Uniteil States of Ameihai. iu 
comiection with the cotton disease, “* ZAvuic/m///,’’ I.)y Atkin-son ‘ wdio naaned it 
Fumrium vasinfectum. His inoculation experiments were fe.w a,ud \v(M'e not very 
convincing. Smith ^ in his la))orious work on the wilt <Iisoase,s of crd.liou, wateu’ 
melon, and the cow pea, renamed the fungus as Neocosinonpom m,suiJh:fH; but the 
pathogenicjity of the fungus was not proved, as Ills inoculation tests o,ii cotton 
plants were not successful. Ho apparently confused the wilt Fmariam with 
FfeoGomiosjiom vasinfecta which is a sapropliyte. 

Later on the problem was taken up by Orton “ who was able t<j prodiute the diseaw.'. 
in healthy plants by inoculating the soil in which they grewg wdtii a, cultur*'. 
of tho fungus. His results were Ijascd, however, on only one experiment and the 
immber of plants treated was also small. 

Recently Elliot in Arkansas ^ and Britton Jomi,s ^ in 7<jgy[>t .have brinighd; forward 
strong evidence of the parasitic nature of the Fummm originally (lisc{)vtu’<Ml by 
Atkinson. They have, in their investigation, d(?alt wdth a very hi,rge mim!.»(*.r of 
trials which leave no doubt as to the close association of the Fumrium with the wilt 
disease and of inoculation with tho fungus being capable of producing tJui disc.ase 
in healthy plants. 


1 Atkinson, G. F. Soino diseases of cotton. Ala. Agri. JSxpi. Sta. Bull, No. 41, 

2 Smith Erwin,' F, Wilt disease of cotton, water melon and cow pea. U. 8, DepL Agri, DirJ'rfi. 

M., 17, 1899. 

“ Orton, W. A. The Wilt disease of cotton and its control. U. 8. Deid, Agri. Din. Vag. Palh. 
Bull. 27, 1900. 

Elliot, J. A. Cotton wilt, a seed borne disease, Jaurn. Agri. Ren. Vol. XXTIJ, 1922. 
®Britton-Joncs, H. E. Mycological work in Egypt during 1920-22, Min. Agri, Dgupl. Tic.h. 
8ci. BuU. 40, 192C. 
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In Lirliu, tlio <,'a.rli(‘st worjj: on cotton wilt was done by Bntler.^ From tlie results 
of his few eA'periiiumts he has declared himself quite confident of the parasitism of 
tlw.wllt Fut<(!i-L‘um'. Rec.enily he has given “ the details of his experiments with 
pliotograpliic ovideiu^e and says “ The percentage of deaths from wilt in the inoculat- 
ed pots was low and the incidence of the disease was irregular, some plants escaping 
altogether while others succumbed, though all must be considered to have been ex- 
].>osed to the same intensity of infection. Nevertheless, those that became in- 
fec'.ted died in the manner characteristic of the Fusarium wilts, the examination of 
a larger number of wilted plants in the field supported this conclusion, and the 
capricious results of the inoculalions would appear to be due to the action of some factor 
which aids or hinders infection by the fungus” 

In 1920 Ajrcicar and Bal took up the question afresh at Nagj>ur. They too 
in tli('ir inoculation experiments do not seem to have succeedtKl in getting uniform 
results and this irr(igu]a,rity they attribute to the advanced season when the experi- 
ments were conductetl. The incomplete results thus obtained led them also to 
believe that the fungus was not a virulent parasite. But in a later comniunication 
Ajrekar ^ narrates details of experiments to prove the parasitism of the Fusariwn. 

More recently Dastur ® ha,s endeavoured to throw doul;>t on the Fusarium as- 
sociated with cottoji wilt as the cause of the wilt disease. His failure to produce 
disease in plants by inoculation with the fungus isolated from the wilted plants 
led bim to look for other causes. He suggests and gives many experiments to 
support the view, that the wilt of cotton, in the Central Provinces and the Berais 
at any rate, is brought about by tbe absorption of compounds of iron and aluminium 
from the soil, that the Fusarimn may be merely a contributory factor in hastening 
the death of the plants, and that the fungus follows in the wake of accumulation 
of these compounds in the tissues. 

It is thus obvious that the evidence available on the parasitic nature of the*, 
cotton wilt Fusarium is scanty and conflicting. It, therefore, seemed desirable to 
investigate the conditions under which the Fusarium is able to attack the cotton 
plants. 

Experimental Work, 

Beries t. To to.st tlie parasitism of the Fusarium, a series of infection experiments 
were carrie-d out with a pure culture of the fungus. The culture- used was obtaiiu'd 
as follows. • A wilting cotton plant about a month old was uprooted from the field, 
the root was v^cdl washed, and the presence of internal mycelium was ascertained 



^ Butler, E. J. ItepL Aqri. lies. Inst., Pusa for 1913-14. 

- Butler, E. J. The Wilt disease of cottou and sesamum in India. Agri. Jour. India Vol. XXI 
ll)2f). ■ ' ' 

'* Ajrckar, S. L., and Bal, I). V. Observations on the wilt disease of cotton in the Central Provinces. 
</o'«r. J'/zdf'a, Vol. XVT, 1921, p. 598. 

‘ Ajrekar, S. L. The cause of cotton wilt in India. Jour. India Bot. Soc., Vol. V, 1920. 

Dastiu', J. F. A preliminary account of the investigation of cotton wUt in the Central Provinces 
anfl Bcrar, Agri. Jour, of India, Vol. XIX, 1924, p. 251. 
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STUDIES IN THE WILT DISEASE OE OOTBIiNT 


bv microscopic examination. With a sterile knife a piece ol it was cut, liipinn! 

in alcohol, Hamed and was immediately dropped m a, sterile moisi. cl.aiuber ('.onsist- 
imr of a watch i^hiss in a, petri dish. The piece thus treatiod ga.ve ri,s(> to u hite uiyce- 
liiim filaments bearing spores {mcromiidia) at both the cut ends m. threo days. 
The fungus was plated, and from one of the little colonies, a culture was nmde on 
crlucose a^mr tube on August 30th, 1923. The plants were grown in. pots washed 
with a strong solution of copper sulphate. The earth, was sterilised in the autoclave 
at ‘>0 lb pressure for half an hour. The seed was delinted witn. strong siilplmric 
acid and was again sterilised, prior to sowing with mercuric, chloride solution. The 
inoimlation was made just before sowing the seed by iiouring the culture ot one tube, 
mixed with a sutiicicut quantity of water, on the surlacc of lire sod in ea.cli pot. 
Twenty seeds were put in each pot. lire resvdiis were as follows. 


No. oi'imta. 

I Treatment 

Datti of sowing | 

IJcMills 

1 to 28 

The surface soil was inoeulat<ul 

20t,h net. 1U2:} . 

No ilealhs nji to ICoh- 
niai’y 1024. 

2<) to 30 

1 (Jont'i'ol pots • • 

20l.li Oet. . . , 

No (iefiths. 


The failure of these inoculation tests was compieue. xcc wuxt- 

terminated by the end of .February and no further trials were made as th,i‘ liot weather 

had set in. . , . , , ■ 

Series 11. On August 3rd, 192t, fourteen pots, out ot tin*, twenty-eight that were 
inoculated in 1923, were inoculated a second time without sterilising the soil again. 
The fungus used was a sub-culture ou ric<‘ of the culture used in Series 1. The. iii- 
ocula,tion was made by mixing tlioroughly the culture diluted with water with the 
top four inches of the' soil in pots and not by merely pouring it on tlic surface^ soil 
as was clone previously and then, at once, sowing the s(?ed prepared a,s before'. This 
time the inoculation was partially successful as most of the plants wiitc'd. Wilting 
commenced on August bith, 1921 (tliat is, after eight da,ys) and deaths increased 
\w.ok by week until the position on Oc.tobc'.r 9th (that is, after OH diiys) was as 
follows. 
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Plot No. 

No. of jjlant:-; 

'Doad ])laut.s ou 
9fch Oct . 1924 

]{.e.sulta 

i) 

10 

to 


■ : ■ 7 . 

' S' ■ 


4 

10 


' -'9 ■ " 


10 


1,0 


10 


^ 11 


10 


■ '■ V 12 . 


10 


13 


10 


14 


10 


29 


mi. 

The controls where no deaths took place. 

1 

30 I 

- 

mi. 



- The success oi' the inoculation leading to the death of the plants in the inoculated 
pots has been complete in nine out of fourteen cases. In the others, some of the 
plants have died, with all tlie appearance of wilt, in every case, the percentage vary- 
ing from 4.0 per cent, (pots 2 and 7) to 80 per cent, (pots 1 and 5). In one of the 
latter cases the living plants were very stunted. 

Two questions at once arose. Why is it that a number of plants have been able 
to survive and why is it that inoculation in the present case has produced the wilt- 
ing of a large number of the plants in typical fashion, whereas the previous experi- 
ment gave no results ? For the present, attention may be concentrated on the 
second point. 

Series III. It seemed likely that the complete failure of the first series of in- 
oculations might be at least in part, due to the method adopted, of pouring the fungus 
culture over the surface of the soil, as under these conditions the paravsite might 
have little chance of reaching the growing roots. Various methods of inoculation 
were therefore adopted with results as follows. The inoculation used in these ex- 
periments was a sul>"CiLltui'e of that usetl in Series Jl. 


Pot No. 

'^rj'eatnient 

Date of sowing j 

Results 

10 

h’uiif'u.s mixed willi the lirHt 
four iiiidu's of soil 

lot h Aug. 1924 . 

S out of lil had died on 14th 
November 1924. 

■ 12 

; ■ ■ 

Ditto. 

10 out; of 1.5 had died on ]4tli 
Wovt!inl)(>r 1924, 

9 

(.hnitrol . • . 

J.litto, . 

None died. 
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Pot No. 

Treatment 

Date of sowing 

lU'.sult.‘i 

201 

FHj)gn!3 mixed tlironglifnit 
the soil. 

10th Aiig. 1924 . 

14 out of ir» liad. died on Gtli 
SefitmuheV 1921. 

202 

Ditto . : 

Ditto . 

All dead. 

203 

Ditto. 

Ditto 

All dead. 

,204 

Control . . . 

Ditto . ! 

All 15 wore living, 

209 

Fungus mixed wildi top laytjr 
wiien plants were ir» days 
old. 

1.5th Oet. 1924 . 

None out of 15 had died even 
on 5 th No Venn her 1921. 

209* 

Ditto 

Ditto 

i)ilitf>. 

210 

Control .... 

Ditto 

Ditto. 

20G 

Inoculation waa done by mix- 
ing wiltod plant material 
with Soil. 

10th Aug. 1924 . 

ll out of 15 wove dead on 
loth fc?e]itotnber 1921. 

208 

Ditto . 

Ditto . 

12 out of 15 were dead. 

205 

Control . - . . 

Ditto 

No deaths. 


In these experiments, the dejui plants showed ty pical wiltijig, and, on sectioning 
the characteristic browning of the vessels, some of wliicli, eoutuiiuid hyphae, was 
noticed. A culture of Fnsanimi fungus was obtained Irom these plants which on 
comparison with original fungus was found to he morphologically identical. It 
is thus evident that to get consistently succc'ssful rcsidts of infection exjxuiincjita, 
the inoculation must be done by mixing the culture with the entire mass of soil before 
potting ; the process of inoculating the soil dining the growth of the plants is a fai i iire. 
Furthermore wilted plant material will serve a.s a good means of inoculating the soil. 

Series IV. The culture that was used in these <‘,xperirn.ents was <)bi;;iin.<‘d from 
a wilted plant from the field. The usual process of isolating the. fungus was gone 
through on October 0th, 1921. The fungus appeared on October 9th, and a 
spore isolation was made on the 12th of the same month. Wiien tim wori’:; was 
started in August 1 926, this culture was used for the inocula,tion cxpeiimejif-s. Tlu* 
soil was sterilised in the autoclave, the pots washed with a strong copjxT sulplmie 
solution and the fungus was mixed_ with the soil one week before the sowing 
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vvjiH (JoiKi. Tile fungus for inoculation was grown in * Richard’s liquid medium and 
a, geuerrous quantity of tim fungus was added to the sod. The following are tiie 
Tesults. 


Nu. 

'tVi'utrneiit 

Date of sowing 

Results 


::>S0 

Fungus mixed on lOtli August 
1926. 

17th Aug. 1926 . 

Wilt noticed on Snd") 
September 1926. Alt I 
16 dead on lOth 
i September 1926. 

-I.;.' 

1 pji 
' §'^ 


Ditto 

Ditto 

First death on 2nd 
Septemher 1925 and 
18 out of 19 dead on 
i 10th September 192.6. 

1 ^ ! tij 

gC 

291 

Qoiitrol . . 

Ditto 

All the 15 plants 
healthy. 

& 

292 

Fungus niixefl on 24tU August i 
. 1925.' , . . 

SLst Aug. 192.6 , . : 

Deaths began on 19th Septem- 
ber 1925. 16 out of 18 

died on lat October 192.5. 

29;i 

, .Ditto , 

Ditto 

14 out of IS died on Lst Octo- 
ber 1925, rest as in previous 
one. 

' .294, ■ 

Control .... 

Ditto 

All 1.5 healthy. 



Fungus mixed on 4th October 
1925. 

11th Oct. 1925 . 

First death on 25tli November 
1925. 7 out of 17. died by 
11th December 1925, 

r.18 

Ditto , 

Ditto 

13 out of 15 died by 
December 1925. 

nth 

niy 

Control , . . 

Ditto 

No deaths, all 1.5 healthy. 


Here also wilting was typical. In the pots number 289-290, 34 out of 35 liad 
died, wliiJe in the pots numbers 292 and 293, 517 and 518, 29 and 19 had died out of 
iotai of 30 and 27 respectively. The number of deaths are not consistently similar, 
but tiioiigli it is proportionally large, the mortality is in no case complete. 

'•*' lliehaixrs me(fe^ — , 

Potassiimi nitrate . .... . . ■ . • ■ 10-00 grams. 

I^)tasshim bipliospliate . , . ... . . . S*00 » 

Magiicsimn sulphate . . . . » . * • • » 

CaiMi sugar 60-00 ,, 

Water . . . • • 1000 00 c. c. 
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Series V. The culture used in these expcriiuents was a suh-iniiture u\ thni. 
in the last series. Inoculation was done, as hcl'ore, a. wei'k prior to s»)winp v\as 
done, and the results ol)tained are shown below. 


No. of 

[jote. 

'I'lmOtient, 

1 >nl:o of siiwinii' 

itcMilts 

IS 

j?un<)!us mixed on Srd July 

mo. 

10th July 1020 . . 

Eirst death on 27th July 1920, 
and 5 out of 10 on 4th Au- 
gust 1020. 

19 

Dit bo 

Ditto 

9 out of 10 dial on Ith Augu.st 
1920. 

22 

Control .... 

Ditto 

No deatlis. 

:i(5 

' Fumfiiii jiiixed on HOtli iluly 

i 1020. 

5tli Aug. 1020 

.First ilenili on 2n(i So j) tin n her 
1920, ainl 10 oul, of 20 on 
22nd September 1925. 

40 

1 Ditto 

Ditto 

1 1 died out of IS onA k" 

22nd Soptcuiber ( 

50 

Control .... 

Ditto 

All la iiealthy. j ^ 

!>0 

PunguH mixed on 30tli Augmsb 
1020. 

OtJi Mepl. 1020. . 

.Fir, si' doiitli oJ) Lst November 
1920 and on ].st January 
1927, 4 out of 14 had <lied. 

sn 

Ditto 

Dilto 

On 1st JanuaiT 1927, S out of 
14 flied. 

ns 

Control .... 

Ditif) 

No (hsxtli,-!. 


These experiments gave further umnistakabh^ evidence of the ])ar[isitiG nature 
of Fusarinm. The fewer deaths in some of the pots may be due to some e.nvi- 
ronmental factor and this matter wdll be treated when the iiitliuuici', of soil fac- 
tors is discussed. 

Series VI. An experiment w^as tried to see whetho 2 - soil in the field (‘.on<lif,ion 
could be infected. A small plot quite separated from th(>. main infected area 
and free from disease was chosen. The absence of the disease in tlie plot Avas as- 
certained by growing a susceptible type, of cotton in the year 1924 wiien not a, singk* 
wilt infecteil plant Avas noticed. In the year 1925 a small area, 20' by 20' of tliis 
plot was, infected Avith the sub-cultAire of the fungus used in Series IV. Tiie inocu- 
lation wa.s effected just before sowing the crop, by spriaikling on tlic surface of the 
soil a bucketful of w^atf^r in wlihh. a culture of twenty tubes was mixed, Noi, a 
single case of wilt infection was noti<’.ed in that season. In the year 192(1, the same 
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area was agaia iiifecited two moatlis before tbe sowing time. The infective niaterial 
consisbal of stems and roots of wilted plants collected in the year 19'25. In addi- 
tion to this a, largo quantity of the fungus gro’ftui in liquid culture was also mixed, 
'.rhe whole of the material was well worked out in the soil iipto a depth of five inches. 
Wilt appeared in tlie crop and the wilted plants differed in no way with those, that 
were found in wilt infected fields. The experiment is being continued and cotton 
is sown in the same area every year. The results so far noted are as under. 



1923-24 . - None bitt susceptible eotton was sown | No wilt. 


1924- 26 . . Small area infected . . . . No wilt in affected area. 

1925- 2G . . Additional infection . . . . IIG out of 527 died or about 22 percent. 


I92fi"27 . .1 No special treatment . . . | 48 out of 471 died or 10-2 per cent. 



The experiments noted above are but a few of the several trials carried during 
the last four years on wilt investigation. All these pot experiments have given clear 
evidence that the Fiisarium is able to cause cotton wdlt under certain conditions 
viz. (1) that the experiments are carried on in the proper season, July to December, 
and that the infection of the soil is done sometime before the seed is sown. Drom 
February onwards inoculation tests have invariably given negative results. 

Summary. 

Cotton plants as grown in the Bombay Kamatak suffer very heavily from a wilt 
disease, which is associated with the presence of a fungus which is morphologically 
imdistinguishable from the Fiisanum vasinfeciimi kik. This wilt disease causes 
a loss of about five per cent, of the crop grown in this part of the Bombay Presidency. 

This wilt disease can be noticed in the fields from the time the plants are a few 
days old (less than two weeks), but the plants may be attacked at any age. 

The problem has been to ascertain what is the connection of the FusoHum 
fungus with the wilt disease, and, firstly, to determine whether it is actually parasitic 
on the cotton plant or no. It seems now clear tha.t the fungus is a definite parasite 
of certain varieties and strains of the cotton plant, that is to say, that when it is 
present in sufficient quantity in the soil, and when these conditions are fa^ ourablt, 
the plants die, and the fungus can be obtained in pure condition from the tissues 

of the dead or dying plants. 

In order to secui-e the success of such inoculation, it is necessary that the fungus 
should be present throughout the portion of the soil where feeding rootlets are likely 
to reach, and not merely be present in the superficial layer of the soil. Further, 

B . 
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tio mooulatioa should be done before the seeds me sown and not during the gu-ow-th 
of the plants. Further, once the soil has been inoculated, it reinams inicctive for 
at least a year (Series VI). . , , , • 

In no case, liowever, was it possible to be sure that Jill tbe ;plants growing ,m 
presence of tlie fungus would be affected, Or at least would die. Tiie caust3 ot tins 
merely partial success of tbe parasitic fungus in killing tlie plants suggests ilud- soine 
other condition is necessary to enable tbe parasite to attack ^ and desiroy t ie 
cotton. Whether this is so, and, if so, what is the nature of this other condition 
will be discussed in a later section of the present series of memoirs. 


iil. TUh) PATIKHIENY 0¥ WlLTlNd IN COTTON 
PLANTS. 

BY 

G.S.KULI<.AKN1,M.A«., 

AN1> 

B.B.MUNDKUR,M.A. 

Reccrit researches on the exact pathogenic, action of parasitic fungi in producing 
wilt in plants have shown that many of these fungi secrete substances whose ac- 
tion on the living tissues of the plant is lethal, so that the water supply of the trans- 
piring area is cut off and the plant commences to wilt. The mechanical clogging 
of the xyiem tubes with which wilting was formerly associated does not appear to 
be a feature that would lead to the complete stopping of the transpiration current, 
for the anatomical examination of a large number of heavily infected plants has 
shown that the number of vessels that are clogged by the mycelium is not large 
and that in all the cases examined, there exist xyiem ducts free from any infection. 

Wilting associated with the presence of fungi of the Fusarium type, is character- 
ised by a complete and rapid killing of the tissues, the cells being discoloured and a 
brown and a gummy substance being often found filling the lumen of the vessels. 
The plants may regenerate later on, for wilted plants left undisturbed in the fields 
have been, found to produce new shoots, a dormant bud having evidently leapt into 
activity as soon as favourable conditions set in. 

The possible connection of toxic substances, however produced, with the death 
of plants in wilting diseases was first pointed out by Peltier ^ who in 1912 determined 
that a Botrytis associated with wilting plants produced a “ harmful substance ’ ’ 
that “ may be some organic acid other than oxalic or it may be a toxin of some 
kind which, however, is not destroyed by heating to 100.°C.” In 1 913 Hutchinson ^ 
obtained wilt in tobacco plants by injecting them with the precipitate from bouillon 
cultures of Bacterium solanacearimi, secured by precipitation with alcohol and in 1916 
Coons and Goss ® showed that the filtrate from cultures of Fusarium oxysportm 


1 Peltitu’, G, L. Physiology and life-Mstoiy of a parasitic Botrytis on pepper and lettuce. Ami. 
Rept. Messouri Bot. Garden, Yol. 23. 

" Hutchinson, C. M. Rangpur Tobacco wilt. Dept. Agri. India, Mem. Bot. Set., Vol. I, pp. 67-83 , 
1912. 

Oooua, G. H., and Goss, R. W. Rept. of the Botanist. Rept. of Mkliigam Board of Agri., Vol. 
65,265-271,1916. 
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was as eiieetive as the parasite itself in causing tlie wilt of potato plants. Rt.^fer- 
ence may further be made to the work of Braudes, ^ Dowsoii, ■' B«wvley,'^ b^ihuiy,** 
Goss ^ and Barimin® who have proved the presence of substaii(;(*s injurious to 
plants in the filtrates of fungius cultures. 

A very comprehensive study of the action of the liltrates from <-ultures o! Fum- 
fiuiii wsia/ccto Atk., 0)1 cottoii plants has been made by Rosen" tpiite recently. 
.Ho has been able to produce all the wilt symptoms in a (ioiupuratively short time 
with the hltrates of solutions provided with nitrogen in an inorganic form and in 
which the fungus had been growing for a period of about three weeks. In liitratiis 
from culture solutions where nitrogen in an organic form had been supplied and 
where the fungus had grown for a similar period, wilting did not occur. Tlie tlis- 
tiliation products an<l the residue of the foriner filtrates were able to iiuluee wilting, 
the residue having been found to bo slightly more toxic. Rosen believ<'s that the 
growth of the fungus for a considtirable period results in the produefion of nitrites 
in the media wliich even in dilute doses are t('xie to (iutton plants. 

Detaile<l study of the media, in which Fumrlutu Itjcopersici luul Is'cn growing- 
lias been mtulc by White Evidence has been secuned ami brought to bear on tin* 
question of the production of injurious substances liy fungi associated with various 
forms of wilt in the cultrae solutions in wliic-Ji they have been allowed to grow. 


Experimental ivohk. 



The work reported in this fiaper was done in 1924 b}^ tiie writers but the publica- 
tion of the results was unavoidably delayed. 41he delay, however, has enabled them 
to further test their results in the light of Rosen’s experiments and they have been 
able to partially conlirm his results. 

Materials, The fungus used in these experiments was isolated in 19'24 and the 
parasitism of the culture has been proved (see part J.I). 

Methods. The fungus was grown in a liquid medium for var^dng periods of 
time, at the end of which the cultures were freed li-om the mycelium by a preliminary 

iBrandcs, E. VV. Banana Wilt. Fhytopatholo(jy, Vol. IX, 3:i!)-3Sy, ISil'.). 

~ Dowsoo, VV. d. Ou the symptonus of wilting of Michaclinas daLies produced by t.OKms .secreted 
by Cephalosporium. Trans. Brit. Myco. Boc., Vol, 7, 28;i.28(), 1922. 

•’ Bew^, VV. F. The sleeping disease of tomatoes. Atm. Applied Biol, V^ol. 9., 116, 

^Fahmy, T. l-*foductiou by Fasarinni solatii of an e-Keretory sub.stance capable of causing 
wilting in plants. Phytopathology, Vo]. FS, rtiS-ooO, 11 ) 2 :^. “ 

^ Goss, H. VV. Potato stem enrl rot due to Fusarivm euttmrtii. Neh. Expt. SM. Res. Bull., No. 28, 
1-87, 1924. 

“ Barnum, 0. C. Production of substances toxic to p!ant,s by FenieUinni expanse. Fhjtopatholoyy, 
Vol. 23, 1923. ’ ' 

^Sahasrabudhe, p. L., and Daji, J. A. Nitrogen recuperation in the Bombay Dcccan, Part 1. 
DepL Aj/n. Jftfixa, ifeni. (diem. Vol. Vlll, p. 67, 1925. 

8 VVWte, B. P. Studies in Fmarium lycopersiei which causes the wilt, of Tomat<a^.s. Jour. Aqri. 
to., Vol. 34, 1927. *' 
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aiujru.i-ioi. rliroiigli glass wool. The differt 
■ivii iiiider each experiment. The 

usnig Medium A tle.sei‘ibed ])eIow and later 
was aloije used. 


J jioiii.-Hium piiUHjjliate 
afifilum nitrate 
juesiiuni sulphate 


uy iiieiLOigus, wiey were sterilised at 15 lb. pressure for 15 minutes. The solutions 
did not induce any physiological wilting in cotton plants even after 72 hours. 
After sterilisation, the p^ value of the first solution w^as 6-1 and that of the second 
4-6. 

Ex-pen, Kent 1. Forty c. c. of solution A were placed in each of the twejity flasks 
ol 100 c.o. capacity. They were sterilised and inoculated as follows ,*■ — 

5 ilasks on 31st August 1924. 

5 flasks on 7th September 1924. 

5 flasks oil 14th September 1924. 

5 fla-'Jcs on 21st September 1924. 

On the 28Tii of September, the reaction of the medium in each fJa.sk was determined 
by usijig the colorimetric method of Gillespie. Filtrates of one, two, three and four 
weeks old cultures had 4-9, 7-0, 7-6 and 7-9 p« respectively. One-half of tln^ quantity 
of the solution in each case was boiled for five minutes. Vigorously growing plants 
of a Husceptibie variety of cotton (Dharwar 1, a pure strain of Kiimpta variety, 
(JossypiKm IterhaoeumLimi.) which were about a month old were carefully uprooted’ 
p!acs:d in a large dish of water and brought to the laboratory. They were separated 
from the roots by being cut under water. Excepting the uppermost tier of leaves 
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all the other leaves were removed and the plants were placofi in respective solritions 
at 10 A.M. The results are as tabulated below : — 


Table I. 


Action of filtrates on cotton plants. 


ro WILT 


Unboiled. 

half 

sti'engt'h 


Boiled, 

half 

strength 


Age of filtrate 


Boiled 


Unboiled 


Cut plants left in sterile solution did not wilt even after 72 hours. 

Plaeed in distilled water, cut plants did not wilt at all. 

Cut iilauts when platiod in an empty test tube wilted in half an hour, bnt 
in water immediately. 


It will bo evident I'rom tlte above talkie that filtrates of 4 weeks old cultures 
were more toxic than the ro,st and the dilution of tlie tiltrate.s did luft seem to reduce 
their toxicity ap])reciably. It was observed that wilting usually commenced from 
the lower leaves, but in the filtrates of older cultures, the shoots sank suddenly. 
When these plants were transferred to pure w^ater, they did not revive, showing 
that the effect of the toxins present in the Jiltrates on the living tissucss of the plant 
was of a pernianont nature. The boiled hitrutes were as toxic as the unboile<.l fil- 
trates. The injurious substances in the filtrate were therefore thermostable and of 
non-eniiymatic nature, as enzymes are known to be destroyed on boiling. 

Bxperihient, 2. In order to determine wliethcr tlio reaction of the filtrates 
had any influence on wilting produced, l)lank culture solutions were, adjusted to 4-9, 
7-U, 7-d, ami 7*9 corresponding with the values of the one, two, three and four 
weeks oIjI cultures, respectively. Cotton plants when cut as in the juevious ax~ 
perimeiit and left in the solutions did not wilt. 

Experunent, 3. The effect of the filtrates on a very highly resista.nt type of 
cotton (Gadag I, a pure line selection from Dharwar Amcfi(;au cotton, G', hirsvimn 
Mill) was next determined. The filtrate used was from a four wcelvs old culture 
and the cut plants left in full strength, boiled and unboiled, and half stirngtli, boiled 



KULSAEWI AND MUxVDKUB 


25 


aii,l nnboUcd tiltrata, wilted in about 3 to 7 bouts. This showed that even an im- 
muue type of cotton plant could not resist the injurious effects of the substances 
mireted })y tlio f luigus in tlie (jultair^^ 

Experiment 4. In determining the toxicity of the filtrates of staled Fmarium 
entires, Eosen ^ us('d Richard’s liquid medium. An experiment was, therefore, 
devised to determine whether in this medium the species of Fusmium used in these 
studies was able to secrete injurious substances. Preliminary experiments with cut 
cotton plants jdaced in Richard’s solution showed that this highly concentrated 
sohikon would induce physiological wilting in plants. However, when it was diluted 
f>y the addition of an equal quantity of water, the plants did not wilt. 300 c c 
ol the diluted solution were placed in one-thousand c. c. flasks, sterilised and 
moculated. The culture was incubated for three weeks. At the end of this period 
nitrates were obtained and their effects on cut as well as whole plants of Bharwar 3 , 
the susceptible variety, Dharwar 2, a resistant variety (pure line selection from* 
luimpta variety of cotton, G. herbaeeimi) and Gadag 1, the highly resistant variety 
otcDttoii, were, determined. The effects of the filtrates sterili.;ed for 10 minutes 
at lo Ib. pressure and those filtered using the filter candles were also determined in 
each case. The results are tabulated below 

Table II. 


.C’ilterod through filtor j/apur , 
WkTiliw'tl filtrate. 

througii porcelain 

filter. 

Filtorecf through papi'r, half 
Htrengtli. 

■Filtered through jwredain. 
half strengOi. 

Blank .solution , . 

Blank solution adju.sted fo 
0-7 pH *. 


l)>rAll\V.4lt 1 

Out 

Uncut 

hours 

hours 

3 

17 


23 ’ 

3 

IS 


17 

7 

17 

No wilt. 

No Wilt. 

No wilt. 



Cut Uncut 


hours 

10 

17 


hours 

21 

25 



1 C' 1 1 ‘ n .'•umiiou arui iiingus naa grown tor three weeks.) 



It will be noted that the injimous eiiect of the filfcrateH 0J3 cut jduots wa.s more 
readily observed than on the whole plants. Filtrates obtaimul by lilteriiig tliruugli 
iilter paper and porcelain had almost identical toxic, properties. Hbuilisaiion ot 
the hltrates did not alter the properties of the hltrattss in any signilieaiit. way. Fil- 
trate of a culture solution in which Fusarkm udtmi Buthu', which causes the wilt 
of pigeon peas {Cajanus indicus) and which does not affect cotton, ha,d growjs. }»ru“ 
duced wilt also in the cotton plants. 

Chemical amalysis of thejiltmten. Falmiy ^ found that FuaariuiK aokint jU'oduc- 
ed an oxalate in the culture solution. The filtrates from cultures of this Fumy turn 
did not show any oxalic acid. The presence of a lactate was siispetited and it was 
observed that the addition of lactic acid to Medium A had led to the prodiu'tion 
of as much as T99 grams of it per litre. Experiments with a Idanlc solution contain- 
ing. 1*99 grams of lactic acid per litre sliowed that this acid or its salt was not oi any 
consequence in producing wilt by the liltrate. 

Rosen 2 found that in stale Ri<'.hard\s solution, ihe. fungus liad ijulticed the 
formation of nitrates and he wa.s able to de.R'ct 0*01 25 to 0M)-1 mgm. of nitrite 
nitrogen per cubic centimeter. In the filtrates o})ta,inod iu're th.e tpiantity of nitrat.e 
formed was very minute, there being 0‘()25 mgm. of nitrite nitivjgen per 
litre, as against 12*5 mgm. of uitrite nitrogen per litre obtained by Rosen. 
These tests were carried out in the lalmratory of the Agricailtural Chemist at 
Poona and the method use<l in th<i determination of the nitrite nitrogen is 
described by Sahasrabudhe and Daji Wh(vn 0*025 mgm, of nitrite- nitrogen 
in the form of sodium nitrite (0-0.‘i75 mgm.) were added to inodilUa! Richard's 
solution and wlieii whole and cut cotton plants were left in the solution, no 
wilting occurred even after 48 hours. This last test was twice repeated, with tin- 
same result. Tests for oxalic acid and la(.*tic a<ad in these filtrates gave lu-gative 
results also. 

Recently Letclier and Willamaii ^ have shown that the pathogenicity of difl'ert-nt 
strains of Fusariu-m Uni Bollcy depends on their power of producing alcohol, it 
is ])ossible that alcohol is, in the present case also, asso(;iated with the wilt of C(.)tton 
plants due to Fusariuni vasinfechm . Puri has reported the toxic effect of both 
eth}4 and methyl alcohol in very small concentrations towards burh-y plants. il.’he 
presence of alcohol in the filtrates used in tliese exjHTiinents was notiiaal and further 
experiments along the line may possildy lead to at h^ast a, partial solution of tlie 
problem. 


ii''ahmy, T, .I’l'oductioii by Fumritim nofuni ttf an excretoiy suhstanoc cajMible of oiiu.sing 
ill plants. IVHjtopathokgy, Vol. 1,'}, 543-550, 1023. 

2 Sahasrabudhe, D. L., and Daji, ,1. A. Nitrogen roenperatiou in the Bombay Dectean, Part 1. 
Dept. Agri. India., Mem. ( 'hem. Series, Vol. VIII, p. 07, 1 025. 

® Letehor, L. W., and Willanian, J. J. Aleolioi fermentation by Fumromthd. PhMupatlivlm/g, 
Vol. XVII, 1027. * . t .J 

^Puri, A. N. Effect of methyl and ethyl alcohol on the growth of barlcv piaata. Ann. Htd., Vol. 
XXXVIII, 746-752, 1924. ‘ ^ 
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Conclusions AND vSUMMARY. 

This stiid}^ of the effect- on cottoii plants of solutions in which Fmarmm vasio- 
fcctani Atkinson, so closely jissociated with the wilt disease of cotton, had grown, 
leads to the conclusion, confirmed by inicu’oscopic evidence, that- the primary ffutor 
Ieu,<iing to the death of (;o(ton plants is not clogging of the vascular ducts by tlie 
inyxadiiim of tlie fungus. 

The active factor causing wilt in cotton plants used in these experiments apjjears 
to be a chemical compound or compounds occurring in the licjiiid in which the fungus 
has grown, which is not destroyed by l)oiling and which is not removable by filtra- 
tion through porcelain filters. It is not, moreover, destroyed b}'’ heating the filtrates 
in an autoclave at 110° to 115° G. The nature of the substance or substances has 
not been determined, but lactic and oxalic acids are definitely excluded and nitrites 
do not appear to lie the cause of the result noted. The solutions in which the 
Ft(sarimii had grown were not only fatal to susceptible type of cotton plants but 
they also caused wilt, symptoms in resistant types and even in types (lilvc Gagad 1) 
which are highly resiistant and even be considered as iminune. 


M« IPC =M~ni-l-76~27-ll‘28—650. 
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Inteoduction. 

Ill the (.'(iiitral .Provinces aiid Berar the most important diseases of cotton are the 
seedling blight aru! wilt. The foririer disease is not so well-known as it deserves 
to be, because any tiiseeised condition of cotton seedlings or plants has been nsiially 
attribiitfal tr) wdt, unless the damage caused by white ants an.d other insects has 
been too obvious. .Bat the writer is certam that in these Provinces, in the early 
stages of the development of the cotton crop, it suffers chiefly and considerably 
from seedling biight, not due to wilt but to Rkkocionda. During the first six weeks 
or so after the seed has germinated, seedling blight develops to such an extent, that 
large portions of rows in the fields are laid bare as a result of this disease, which so 
much reduces the stand that thinning becomes unnecessary and in some cases 
replanting may become essential. At this stage deaths from real wilt are negligible. 
This disease, unlike the damping off disease and sore-shin, does not 

produce collar rot, but is at first chiefly found on leaves and primarily on cotyledons. 
From the leaves it .may travel to the growing point and kill the whole plant or the 
affected leaves may be shed and visibly no further damage to the plant may be 
done ; but it is not improbable that the plant may he so weakened that it may 
become susceptible to wilt and even to infection from, soil fungi, such as Fusarium ; 
cases have been found where this soil fungus is present in the imderground tissues of 
plants having their aerial parts attacked by Mhizoctonia ; but these plants generally 
do not show either the external or the internal symptoms of wilt ; however plants 
may be attacked both by llhizoctonia and wilt, in which case they may show external 
effects oi EMzoctonia and internal effects of wfilt. In some cases the death of seed- 
lings has been found to be due to PhytopUhom spp. In the seedling stage some 
X>iauts have been found to be diseased and dying, but no organism has been isolated 
.from them, though they showed typical internal and external wilt symptoms. In- 
numerable seedlings and plants have been microscopically examined, but in no case 
lias Fusarmm been found in tliseased plants, which either do not show signs of wilt 
or which are not infected Ijy RJdzoctmiia or any other disease; whereas Fusarmm 
has been, at times, fouml in healthy seedlings and plants. From time to time, 
numerous seedlings, growing in wilted ” soil, which to all external appearances 
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were perfec-My normal, have been microscopically examined, and they lia%o3 been 
found to show traces of browning in their internal tissues and a few of the vessels 
and cells lia ve been found to be clogged, as in typically wilted plants. The brown- 
ing is negligible and tbe number of cells and vessels filled with the lu’own sulistaiKai 
is very small ; and this may explain the reason why the seedlings showed no 
external signs of wilt. 

Typical cases of wilt begin to appear generally after the plants are more than 
four weeks old and they may get diseased at various stages of their growth, right 
up to the end of the cotton season. 

Cotton wilt is known to occur in the cotton tracts of Eerar, both in heii.Yy and. 
light soils, and in some parts of the Central Provinces. This disease is chiefly 
found in fields which have been continuously under cotton, for severnl years, in 
fields which are water-logged, or when cotton is grown on nnsnitable soils, sncli as 
heavy clay soil (known as tel-chikny ” soil), jadlow coloured silted, soil 
(‘* sonawali ’’ land), or in soil overgrown with the weed {Gy-pems rotmuhis), locally 
known as ” iSTagar Motha ” or “ Lahi Wilt is also common in fields mamirod with 
]joudrette or uniotted farmyard mamue. Fields, in the near vicinity of villages, 
locally called “ akhar ” fields, are also particularly susceptible to wilt. The incidence 
of wilt is not the same ^^^ear after year. In some years it is very iniicli more than 
in other years. Wilt has not been known to spread from field to field or from 
plant to plant. A wilt affected field niay be surrounded by fields bearing a perfectly 
healthy crop of the same susceptible variety and vice versa ; for example, in tbe 
Agriciiltmral College Farm at. Nagpur there is a particular field whioli is so badly 
wilted that it is absolutely xmeconomical to grow on it susceptible varieties of 
cotton, like roseuni : but fields in its immediate neighbourhood can grow a perfectly 
healthy crop of roseum ; saucer shaped parts of a field and those portions of it 
through which rain water naturally winds its way, for want of proper drainage, 
bear wilt affeefced plants, but a healthy crop may be borne b}? the rest of the field, 
which is properly levelled and drained. Wilt may appear in fields or portions of 
fields which were not known in the past to be wilt affected, but these new patches 
of wilt have no bearing on the presence of wilt affected fields. 

Symptoms. 

(1) Macroscopic. If the wilt affected plant bears the cotyledonous leaves, the 
presence of. the disease in the early stages is evident by the turning yellow of these 
primary leaves, their green colour is generally, wholly or partially, replaced by 
yellow colour ; they do not lose either their turgklity or their normal shape, but 
are shed very easily by the lightest touch or by the slightest blow of wind ; both 
the base of the petiole and the node, from where it has dropped off, show a tiny 
brown central ring. The foliage leaves may show loss of turgidity and the apical 
succulent portions of the plant may droop and then it may ultimately clie. If the 
plant becomes wilt affected at a little later stage, the disease is, ‘dn a ruh\ mani- 
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fested b}’- one or two of tbe lower foliage leaves eitlier turniug yellow from margin 
Inwarcls or by a general fading of the br'ght green colour which is replaced by a 
mixture of ligiit green and pale yellow^ ; but the green coloiu: in either case is more 
persistent in the neighbourhood of the main veins ; the affected leaf may also hare 
a mottled appearance ; whether the loss of colour is general or partial, the lamina 
loses its tm'gidity and bends over at the point of its imion with the petiole ; the lamina 
is soft to the touch and the margin of the lohes roll inwards. A little later the 
petiole may also lose its turgidity and droop ; other leaves may also become likewis<.‘. 
a-ffected and show' a gradual loss of colour ; these wilt symptoms may be shown 
by any part of the affected plant or they may be confined only to thtise parts that 
are in the same vernation, showing that the vascular btmdles of only one side of 
the xylem are not fimctioning. A little later, the -whole plant may droo}). At 
times the whole plant, all of a sudden, shows loss of tmgidity, the first suspicion of 
the disease being a slight loss of colour of one or more of the leaves. The nppei* 
tender portion of the stem bends down on itself in a graceful curve ; tbe fully opened 
or partially opened and unopened leaves and buds also droop. There is no immediate 
loss of the green colour in the upper parts of tbe stem ; they lose their green colour 
rather gradually. The margins of these full}' opened and partially opened green 
leavevS roll iiwards. In this condition not only the lamina is drooping but the 
petiole as well. The drooping leaves do not turn brittle ; Ijiit remain soft for a 
long time. The leaves of a wdlting plant do not readily and necessarily turn brown, 
oven if their green colour has been completely replaced by pale yellowy These 
leaves may drop off without turning browui. If any of these affected leaves or 
twigs are plucked, a brown ring in the xyloni portion is visible on the exposed paits. 
After some time the stem of the diseased plant begins to turn brown from 
top downwards. Very often this browning is only on one side of the stem. The 
browning does uot necessarily start Itom the apex dowmvards, but it may begin 
from an intermediate node. This browming increases elliptically chiefly along 
the main axis and ultimately the whole or part of the stem is girdled. The branch 
arising from the node may also begin to turn brown from the base upwards. The 
browning of the main stem may travel downwards and involve the w'holc plant or 
it may get checked and new shoots may be put forth from the lower nodes. These 
.shoots may produce flovrers and bolls as well. The leaves of badly wilted plants 
-.are shed and plants w^ith bare branches and twngs are left standing in the fields, 
if the plant is not completely dead, it is not unusual to find the dormant axillary 
buds, especially those near the base of the stem, .sprouting. 

The undergi^ound parts of a wilting plant may or may not .show' ain' oiitwuird 
visible signs of wilt. In some plants the collar is distinctly swollen, a.s a rule, 
elliptically to a length of about an inch or less, and this sw'ollen part has one or more 
vertical cracks which are at first white ; but in a majority of cases the midergronnd 
portions are normal. If a wilted plant is left long in the soil, its underground 
parts turn wholly bro-wn or black and rot ; and their bark is in shreds. This rotting 
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is not directly due to wilt, but seems to be the result of tlic action of sapi'opiiyfco.s, 
.sucli as bacteria, eelworms and various fungi. 

If tbe Inxrk of a wilted or wilting j>lant is removed, tbe white wood is found to 
have longitudinal brown streaks, running from tbe roots right up to tlio apex and 
also to tlie branches. In waited plants which have been allowed to stand in fields 
for a long time, these brown streaks may not be so marked and they may also lose 
their individuality as the wood becomes wholly brown or black. 

(2) Miamaupic: In transverse sections the wilt symptoms are very typiieal. 
In the early stages of wilt, when the plant hardly shows any external symptoms, 
the presence, of the disease is evident by the walls of some of the cells and vessels 
of the xylem tissues being discoloured yellow. At this stage the cells and vessels 
are not filled with any brown or yellow substance and there is no trace of ftmgus 
hyphos in the tissues ; in advanced cases the walls of many of the vessels and cells 
of the xylem tissues are discoloured yellowish brown or brown or black and fhoij’ 
lumen may be completely or partially filled with a black or a dark brown coloured 
solid siil)stauce (Plate VI, figs. 2 and 11). In some of the cells of the xyhmi tissues 
ari^ developed tyloses (Plate VI, fig. 5). There is often a lot of starch formation in 
these tissues and in the medullary rays (Plate VI, fig. 6), The plugging of the ves- 
nore so in the nodes of the stem and at the points where root- 
figs. 9 and 10). The discolouration of the vessels explains 
tbe cause of the longitudinal brown streaks that are found on the wood underneath, 
the bark. The discoloured vessels filled with the dark colomed substance do not 
have hyphse in them. In fact, more often than, not, liyplun are found 
in otherwise normal cells and vessels and their lumen are hardly completely filled 
by them (Plate VI, fig. 12). The amount of .hyph® present is so small as not likely 
to interfere appreciably with the normal functions of the affected tissues. These 
small quantities of hypliae have also been found by Ajrelcar and .Bal/ Rosen, 
Falimy ^ and others. The browning in a wilted plant is found throughout the plant, 
but the hyphte are not necessarily found in all parts of the plant ; for example, in 
the apical regions and side branches there are very often no hyplnn, though the 
ijro wiling .is very conspicuous. In the. subterranean parts as well, though the 
browning may extend right up to the tips of the tap root and laterals, still .fiingus 
hyphso may not necessarily be found in all these browned parts. The tissues of a 
wilting plant are very much similar to those of a mature, evidently healthy plant at 
the end of the season, in February or March, growing in a wilt infected soil. A large 
majority of old plants, to all appearances normal, growing in a “ sicA soil, sliow 

L., Bill, -D. V. Observations on tbe wilt disease of cotton iii tho Oentral Provim'fs. 
Vol. XVI, pp. o98~ 017, 1921. 

Efforts to determine the means by which the Ot,>tton-wilt vad%~ 

dies., XXXllI, pp. 1143 - -1102, ]921t ' 

disease (wilt) of cotton and ita oontrol. Phytoputk, XVJI, pp. 749—. 
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a cerfciin umoroit of l)rowniug of tlie vessels, a large amount of starch, formation 
iiuJ tyJoses and at times Fmm-imn hj^plise (Plate VI, figs, 3, 7 and 13), The 
on! y uiilerence between the mature and old plants and wlting plants being that 
in. tilt! latter, the browning is much more than in the former. Evidently the wilting 
plaid is Kiifiering ii'OiLi prematiure senility. 

(3) IilicrochiiriieaL The microchemical reactions of a wilt affected plant are 
very coiispienoiis and they Jtre as typical as the morphological and histological symp- 
toais. Bee tions oil wilted jiiants treated with ammoninm carbonate and log- wood 
hstvo invariably stained blue the discoloured vessels and ceils. The healthy parts 
of tile tissues ro main unstained. 

Different varieties of Alizarin and Brasihn stain the diseased parts of the plants 
beautifully bright red. In the infected tissues of the wilted plant, it is the cells 
and vessels of the xi'leni that stain red or bright pink. The medullary rays remain 
unstained. Those colls of the xylem that may contain hyphie but are not discoloured 
or plugged with the brown substance remain unstained. 

Some seedlings, growing in “ sick ” soil, though externally perfectly normal and 
healthy, have sliown slight browning in the internal tissues of their underground parts 
and a few cells and vessels have been found to be plugged as in typically wilted ]tlaiits. 
These affect. id parts of the tissues have given the same microcliemical reactions as 
the affected tissues of wiltoil plants. These plants have been found to be quite free 
from fungus infection. 

Plants to all appearances perfectly normal growing in “ sick soil, at the end of 
the cotton season, give more or less the same microchemical reactions in the discol- 
omed ceils and vessels as those of wdited plants ; but the plugging and discoloura- 
tion of the vessels is very much less than in wilted plants, not enough to interfere 
materially with their noniial activities. The normal protoplasmic contents of many 
of the cells in the cortex of these plants are also stained red. Not only do the cor- 
tical cells of old healthy x>lants growing in “ sick ” soil give these microcliemical reac- 
tions but healthy plants growing in non-wdlted soil give the same reactions in the 
cortical cells at the end of the season. These reactions are not peculiar only to sus- 
ceptible varieties, like romum, but even wdlt resistant varieties, like Buri, behave 
similarly. On the tissues of 3 mung healthy jilants, Alizarin is found to have no 
effect. This shows that in the cell contents of the old plants there is something 
which is not found in the young jfiants and which stains blue with ammonium cor- 
bonate and log-wood., and red with Alizarin or Brasilin. This “ something ” is 
also found in \^dlting plants, but in the xylem tissues instead of in the cortical cells, 
and it completely or partially blocks the lumen of many of the xylem vessels and 
cells. Therefore this “ something ” must have been absorbed from the soil ; in wilt- 
ing plants iii gets aggregated or j^recipitated in the xylem tissues, "whereas in healthy 
plants it remains mobile and is translocated jErom root upwards. Thus it ajipears 
once again that wdit is a sort of premature seniHty. 
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C'OMPAETSON WITH COTTON WILT OF OTHEB COTJNTEIES. 

Oottou wilt is known in many parts of cotton growing tracts of the world. 
The inoideiico of tliis disease was first reported from America in 1892 by Atkinson.^ 
He attributed the cause to Fiisarkm, vasinfectum. In India it has long been known 
in the Central ProTinces and Berar, and Bornbaj^, the first mention of cotton \dlt 
being by Evans ^ in 1908, and recently it has been reported from Burma ® as well. 
Cotton has been known to siifier from wilt also in Argentina, South Africa, Egypt, 
Dardanelles and other countries where cotton is grown, but as far as the writer is 
aware, the morphological and histological characteristics of the wilt of cotton 
occurring in different cotton-growing countries have not been carefully described, 
e^^cept by Atkinson and by Neal ^ in America, and by Eabmy ® in Egypt, w^ho 
considers the Egyptian wilt to be different from the American and the Indian wilts. 
All that we so far know is that either Fusarkm vasinfectum or Fusmium sp. has 
been obtained from wilted plants. The mere presence of Fusarium vankifedimi 
or of Fusarium sp. in wilted plants does not necessarily signify that the plant 
is suffering from wilt or that the cotton wilts of different countries are identical. 

If our description of cotton w^ilt be compared with the. descriptions of the 
American cotton wilt, given by Atkinson and by Neal, some important differences 
are readily noticeable. 

According to Atkinson, the leaves of the diseased plants have “ three distinct 
colours, green, yellow and browm, in parallel radiating bands. The brown and 
dead })arts of the leaf soon break out, leaving the leaf quite ragged.” These tri- 
coloured parallel radiating bands are not characteristic of the wilt under study, and 
secondly, the discoloured leaves do not become ragged by the diseased parts break- 
ing away from the healthy parts. Atkinson has found the discolouration of the 
tissues " more produced in those ducts in wliioh the fungus is located,” wdiereas 
we have already seen that the fungus, if present, is, more often than not, found 
in cells which are normal and not discoloured. 

Neal’s recent account of the American ^rilt is not very descri])tive, but still 
it is sufficient to bring out the points of differences between fclie tv \'0 wilts. Ho 
finds " a noticeable yellowing of the leaves of the cotton ]dant accompanied by a 
stunted appearance, somewhat early in tlie season, is usually a good indication of 
the Fusarium wilt”; the tap-root of a diseased plant is also found to be stunted. 
Cotton plants develop wilt in these Provinces at all stages of their growth, but 
neither their stems nor their tap-roots have been found to be stunted (PI te IT, Figs. 1 
and 2). Neal has further observed tbat the disease may be in irregular spots 

1 Atkinson, G. r. Some diseases of cotton. Ala. /It/ri. E>'pi.. Sit’. Bid. 41, pp. l‘J— 2U, 18'.)2. 

® Evans, G. Cotton wilt in the Central Provinces. Aijri. Jnur. India, V >1. Ill, pp. 78— SO, 1908. 

^Rlsind, D. Report of the Mycologist, Burma, for the period ending 30th .lune, 1924 — Rangoon, 
Superintendent Government Printing and Stationery, Burma, 1924. 

Neal, D. G. Cotton wilt : a pathological and physiological mve.stigatiou. Ahm. Mins. Bol. 
Oard., XIV, pp. .359—424. 1927. 

*Pahmy, T. The Fusarium disease of cotton (wilt) and its control. Ministry of A<jr>. EqtfpL, 
Tech, and Sci. Service, Bull No, 74, pp. 1—106, 1928. 
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ovex the field and each succeeding year the infected areas enlarge.” We have 
found the wilt to occur in .spots over a field, but the infected areas have not been 
found to be enlarging each so.cceeding year. 

The detailed description of the Egyptian wilt, given by Fahmy,^ brings out some 
impo]‘tant poiiitsof difierences between the wilts of cotton in Egyq3t and in these 
Provinee.s. In Egypt, in severe cases of wilt, the affected cotyledons, wholly or 
partially, dry up ; diseased plants, which have recovered, show marked dwarfness : 
infected plants, in which the dying of the stem from apes downwards is checked, 
develop abnormal branching ; the dead portions of a wilted plant turn nearly black 
and on drying become somewhah curved ; “ infected plants whether they show ex- 
ternal symptoms or not, are generally dwarfed the discolouration of the in- 
ternal tissues is not so characteristic in the infected seedlings as in the case of old 
plants. These are some of the important symptoms which are diff’erent from those 
of the cotton -wilt under study. The infected cotyledons turn wholly y^ellow 
and may’- be shed without drying up ; affected plants, when the progress of the dis- 
ease has been checked, do not become dwarfed (Plate 11, figs. 1 and 2) ; the drying 
stem may^ tiun dark brown or almost black, but on drying, it has not been foimd to 
become curved ; the internal discolouration, which is brown in colour, is the only 
unfailing evidence of wilt infection in a cotton plant or seedhng, whatever be its 
age, Fahniy has compared “ the Egyptian, Indian, and American Fusarimn para- 
sites, producing the -wilt disease in the respective countries,” and has found them to 
be different in certain characters. 

It therefore seems that the cotton wilt in these Provinces is different from the 
disease known as wilt in Egypt and America. 

KuU^arni’s^ account of the symptoms of the cotton wilt disease in the Bombay^ 
Karnatak can apply equally well to the disease in these Provinces as to wilt in 
other countries. 

Pot Culttjee Experiments. 

For these experiments, iinle,?s otherwise mentioned, a variety of Vemm type of 
cotton, viz. AK2, was u.sed, as it is highly susceptible to wilt. This cotton was veiq- 
kindly supplied by?- Dr, Youngman, Economic Botanist for Cotton. 

Unle,ss otherwise stated, cotton was sown, each year, at the normal time, i.e., 
soon after the break of the rains. 

The Fusana isolated from cotton soils and plants, referred to in this yDaper, are 
identical with those described by Jiwan Singh.® The nomenclature used by him 
for distinguishing these Fusmia has been retained, as their taxonomic positions 
have not been as yet established. 

^ Faliray, T. Loc. cit. 

Kulkai’iii, G. S. II. The parasitism of the Fusarimn asscciated with the ^Vilt Disease of Cotton. 
Merti. Dejjt. Agri. India, Bot, £ler., XVI{, ij^p. 11—20, 1928. 

® Jiwan Singh. A study of Fusaria common to Cotton Plants and Cotton SniJs in the Central 
pi'o-rinees, Jfcw. ./tfipf, 7 .Bo/. /Ser., XIY, pp. 189— 1&8, 1937. 
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Mamim. hum was applied to wilt a&otcd soil in vandfij^ j)i hub il; 
iiafi no qffect; on tlie control of wilt and tliere was no dolinlic ivlatiorrsnos 

tlio iiicideiice of wilt and the quantity of lime applifui 

Superphosphate did not influence the incidence of wilt ilto *, c.ir *(■ wjtM 
though the growth of individual plants was decidedly belter iJim! of ihoiv^ c’cj 
not receive this manure. The stem was thicker and longer and nrodncd' more 
brano^hes, the leaves were greener and the number of Ijoils |3ei‘ plant wca la.'.or ^ 
but there seemed to be some residual elect of this manure on wift and it v/as mo.t 
marked m those cases where a large quantity was used, hi pots contnini.u. « 
cd soil to which was given super, in 1924, at the rate of b tons i^er acre tho.e n-o- 
oO per c^t of wdlt; in 1925, when these pots were replanted v/itliout miv'fnriiie; 
treatmoiit there was no wult, and in 1926, the wilt wms 12 per (3ont in i9-’V 16 r,a> 
cent, of plants became wilted ; those pots, wliicJi ha, d received in f9::4 souia- at ilie 
rate of 1 ton per acre, gave 75 per cent, of wilt in 1921 25 per v.ui' ie Mr^r - 
per coni in 1926 and 25 per cent, in 1927. la^sscl^pcp:titieH or^Hi;;:^ n;!!’ 
seem to have any residual effect. un fan 

^ m™ snpei' wm given with lime, timre „o re^i.l.m,! eiio,.!'.. eluiv -.Isn 

in no way show'ed any residual effect. ' 

In 1927, lime was added to healthy eoil, at (h,, rate of io |,o„« to (he ae,v Wilt 

healthy soil there was no wilt. In 192S, this limed soil withont unv f . > r trcit 

ment was resown wi b romm ; the amount of wilt, was nmol, high™ 1 „ ,',1, 

piernons year. In 1928 roseum. sown in heuKhy soil, whioh wnsd!,^.,d „ 
at the same rat® as m the e.v-i)erimont of tlio prerions yenr. Ijeoiimo l.-nllv wilted' 
whereas rosewm m the untreated healthy soil remaimid healthy. ^ , 

p 1924 “ non-wilted ” soil wtis treated with heavy doses of mamirc such ..s f.,.-,, 
yard maimie, rotted castor cake and rotted nim (i/rf/,, .4 
S manured ‘-nou-vdlted” soil showed typh^ « 

1 “ If f liey experiments were repeated; some plants l,e4,L (,o wli im 

Serins 

,r ' “ “ "* »o s w 

a partiaUy resistant vanety, a ihfalTOisis, AK4, 3 had died of vdt -...d ‘ !■ 

and intho inoculated soil out of 36 plants of AK'-) 3 had'died oT', 'P 
and 5 of 2tI/«soc^oma ; and out of 36 -nbmt*? nf ^ t i ^ oi wilt 

EU^ia. .In thise pots tt 

plants began to wilt from the end of July. These inoculated’ ilt ^*1;”^ 
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year, which had jud; {is yet given any wilted plants were, at tlie end of 
reinocuhitcd, similfirly as in 1925. The percentage of wilt was higher in 
these, siiries, bni; w'as more oj? less the same in the inoculated and iininociilated pots. 

In 1925 plants were ;i.ga,in grown in a highly manured non-wilted ” soil and the 
same results wore again obtained, wilt appeared both in the inoculated and 
iininoculated pots and the amount of wilt in them was more or less the same. 

A.nofchor m anuria, 1 experiment that deserves special mention i.s the one in which 
was used wiTO cake. In 1925, this cake manure was used with castor cake. 
Bince all the plants growing in this series were healthj^ and showed very good 
development, 12 plants were sectioned and examined niicrochemic{ill 3 ’- between 
December 1925 and Janiiary 1926. Of these 12 plants, one showed a little brown- 
ing of a few of the vessels, and the lumen of some of the xylem cells were plugged, 
with the br(3wn substance ; tliis plant gave with Alizarin the ty].)ica,l bright 
colour only in the discoloured pa,rts of tlie xylem tissues, but in its cortical cells the 
]iv.ing protoplasm stained t 3 q)ically red. The remaining 11 plants also gave this 
j>ociilia,r reaction onh^ in the cortical cells. There was no plugging of the cell lumen, 
and the unstained sections looked perfectly normal. But the remaining plants ex- 
amined a few weeks later, at the end of February of 1926, were very characteristic ; 
to all external appearances the plants wore normal but when they were uprooted, 
everyone of these 28 plants had on its roots galls of varying sizes— galls similar to 
those found on cotton roots attacked b}'' nematodes (Plate V, fig. 2), However, 
no nematodes were .foimd in these galls. The tissues of these galls showed, no 
plugging, but with AIizari.ii there was a diffused bright red colouring of the pro- 
toplasm ; there was no browning in these galls nor were there any h}^phm ; only 
one plant showed a little browning and that too in the normal part of the tap 
root, a little a].)OYe the gall ; though in the galls themselves there were no hyphse, 
but in all these plants hyph^ were found in the tap roots, above the galls ; 
cultm:es, from every one of these taj) roots was obtained the Ftmmim, 
found from wilted plants. Thus though this Fuso,rium, viz. Strain A, was found in 
these plants, still they were perfect!}* healthy and normal, except for the galls, 
Cotton sown in 1926 in these pots of 1925 without an}?- fmther treatment was 
wilted to the extent of 60 per cent. In 1926, the “ non-wilted ” soil from the 
Nagpur College Farm was treated with farmyard manure a.nd nim- cake. In. this 
sciries 23 per cent, of plants were typically wilted. In February 1927, there were 
11 plants in the pots containing soil manured in 1925 with nim cake, and 25 plants 
in pots having the soil similarly manured in 1928. All these plants looked perfectly 
normal. Five plants from each of the two series again had on them root galls 
similar to those described above. In transverse sections of the galls stained with 
Alizarin, the protoplasm was coloured uniformH bright red but there was no plug- 
ging of the cell lumen. There was neither any browning of the gall tissues, nor 
did they have .any fungus hyphss. In some cases there was a slight b 
•the 
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were found in tliem. The fimgus, when cultivated, proved to he Fumrimn Strain 
A. Similar results were obtained the following season. 

F-wngickles. In 1925, wet and dry Uspiilim were tried to see the effect of these 
fungicides on ^Yilt. Dry Uspulnn was mixed with wilted soil at the rate of 17 eAvt. 
per acre. The growth of plants was excellent. The plants were standing at least 
a couple of feet higher than those growing in the fields or in pots and w'ere at least 
three times bigger than those gro-wing in wilted soil. The average nun ler of 
bolls per plant v/as 9*75, whereas in the untreated wilted soil it was 4'2 and in the 
untreated healthy soil 9-3. Though in 1925, in fields and in pots, there was a very 
heavy attack of Ekizodonia which killed many plants, still in this Uspulun treated 
soil there was not a single case of RMzndonia infection. Wilt in these pots was 
very little. The beneficial effect of this treatment was persistent even in the 
following years. As this fungicide is very expensive, the cost of applying it at the 
rate given above would be prohibitive. Therefore varying smaller quantities 
were tried in 1926, but it had no effect in controlling wilt in these small quii.ntities 
though the groud;h of the plants was better than of tdiose in the untreated soil. 

Wet Uspulun. gave practically the same results as dry Uspuluu, i,e. heavy doses 
of this fimgicide controlled wilt but at a prohibitive cost, whereas smaller doses had 
no effect on wilt, though they controlled EMzoctonia. 

Pickling of seed with Uspulun solution had no effect either on the gi.-owth or the 
disease resistance of the crop. 

“ WiUed ” and Non-wilted ” soils. In 1923, some experiments were conducted 
to see the effect on plants growing in pots containing both “ wilted ” and “ non- 
wilted ’’ soil. In one series the lower half was filled with “ wilted ” soil and the 
upper half contained “ non-wilted soil obtained from a tank near Nagpur ; in a 
second series, the relative positions of the two soils were reversed , i.e. in the lower 
half there was non-wuTted ” soil and the upper half had “ 'wilted ” soil. Though 
both these series were exactly alike, except for the relative positions of the two soils 
in the upper and lower halves of the pots, the results were not identical. Wilting 
of plants was first noticed in those pots which contained “ wilted ” soil in the upper 
half, whereas in the other series wilt appeared much later ; but still at the end of the 
season there was not a single plant alive in this series ; whereas in the former case, 
even though wilt had appeared earlier, at the end of the season, there were some 
healthy plants. A few plants .from these two experimental series were carefully 
removed to examine their roots ; from the condition of the roots it could be easily 
made out whether their upper or lower parts were growling in the “ wilted ” or “ non- 
wilted ” soil. Those portions of the roots which were growing in the “ wilted ” half 
showed more browning than those growing in the healthy half of the same pots and 
a larger percentage of the fine roots was dead in the “ wilted ” portion than in tlie 
“non-wilted” portion. These experiments repeated in 1924, 1926, 1926 and 1927 
have given similar results. Pots containing “ mited soil in the upper half have 



J.EHANGIR PARDUHJI DASTTJB 39 

always liad the incidence of wilt earlier, but a larger number of surviving health, v 
plains at the end of the season than pots which had healthy soil in the upper half. 

A modification of these experiments was tried in 1925." 

Six inch earthen pots having extra large drain holes, at the bottom, were filled 
either With healthy soil or “ ivilted ” soil • each of these was embedded up to the brim 
ill a three foot high glazed pot containing either wilt infected or healthy soil, ac- 
corclmg as the small pot had healthy or wilt infected soil, i.e., the small pot with 
wilted ” soil was placed in the big pot with healthy soil and the one with healthy 
soil was embedded in “ wilted ’’ soil. Cotton seeds were sown both in the small and 
in the big pots after the former had been placed in then* proper position. There 
was one other paraUel series, but with this difference tliat the seeds were sown both 
111 the big and small pots, hut the latter were not embedded in the former till the 
seeds had germinated and the roots had come out through the drain holes of these 
smaU pots. In both the series the results were the same. In the big pots contain- 
ing wilted ’■ soil most of the plants were wilt infected, whereas there was not a 
single case of wilt in those big pots which had healthy soil ; but plants in the small 
pots containing healthy soil began to wilt after their roots had penetrated the 
wilted soil 111 the big pots ; but of the plants in the small pots with “ wilted ” 
soil, a few wilted, and they became diseased when they were growing wholly in the 
^ wilted • sod ; but when, the remaining healthy plants put forth their* roots in 
the healthy soil of the bigger pots, there were no more cases of wilt. 

In 1925, cotton was grown in soil containmg different proportions of “ wilted ” 
and non-wilted ” sods and it was found that higher the proportion of “ wilted ” 
soil to the " non-wilted ” so.il, higher was the percentage of wilt ; but the following 
year, in these mixed soils, wilt was more or less the same ; the plants in pots contain- 
mg a major part of “ non-wilted ” soil was as badly w'ilted as those grown in the 
same quantity of “ wilted ” soil In 1926, this experiment was repeated and it was 
again found that the percentage of wilt was higher, greater the quantity of 
wilted ^ soil in the mixture of “ wilted ” and “ non-mited ” soils. 

Ohemimls. In “ non-wilted ” soil, different proportions of aluminiimi nitrate 
and aluminium sulphate were added before sowing seeds of AK2. 0*2 per cent, and 
0-1 per cent, of the nitrate salt each gave 6 per cent, of wilted plants in 1925, where- 
as 0-06 per cent, of this salt gave no wilt, and 0*1 per cent, of the sulphate salt 
gave only 3 per cent, of wilt. These diseased plants showed typical, macroscop.ic 
imeroscopic and microchemical characteristics of wilt, and Strain A was 

isolated from them. 

Some of the healthy plants were microchemically examined in November 1925 
Sections of plants growing in the soil containing 0-2 per cent, of the sulphate showed 
with Alizarin a diffusion of bright red colour in the cortical cells ; but plants growing 
m soil containing 0-05 per cent, of the nitrate hardly showed any reaction with the 
stains in the cortical cells. No browning was found in the tissues of the healthy 
plants, 


40 


COTTON WILT 


Biiri. a totalh resiatant vaiiety, was also grown, in soils containing tlie same pro- 
portions of tins sulpha, te aral nitrate salts as in the above experiments. Tlic platit,s 
were ])erfeetly 'ln.ialthy ami sliowed very little of the ])ink colour in, the cortica,! cells 
when the sections were staine-.d with Aliziirin. The soils treated iir 1925 wfU’e resown, 
with AK,2 the following year. Plants growing in soils containing (>2 ])cr cent, and 
Od. per cent, of the nitrate were wilted to the extent of 15 per cent, and "21 per cent, 
respectively ; vvhereas those gix>wiiig in soils containing 0-05 ])er cent, almnininra 
nitrate and 0-1 per cent, aluniiniuni sulphate remained healthy. 

In 19:16 a fresh lot of healthy soil was again treated, with 0*2 per cent., O’i per 
cent, and 0-05 per cent, of ahiininiiim nitrate or aliuninium sulphate. The results 
of 1926 vrn’G not similar to those of , 1926. The percentage of wilt in soil containing 
0*2 per coat., 0*1 per cent, and 0*05 per cent, of the nitrate salt was 12. 4 and. 12 res- 
pectively, whereas in the case of the soil similarly treated with the sulphate salt, 
the percentage was 66, 16 and 16 respectively. To another lot of soil similarly 
treated with these various proportions of these t^vo salts w’ere added cultures of 
Fusarium Strain A, ])efore sowing the seeds. A third lot of the aluminium treated, 
soils was inoculated with thi.=i fungus two and a half months after the seeds had 
been sown. In the soils treated with 0 2 per cent., O’ 1 per cent, and 0'05 per cent, 
of aluminium nitrate and inoculated with the fungus before sowing the seed, the 
percentages of wilt were 75 and 62 respectively, whereas in treated soil inoculated 
after sowing the seeds the percentage of wilt was 16, 20 and 25 respectively. In 
the soils treated with 0-2 per cent., 0-1 per cent, and 0*05 per cent, of the sulphate 
salt and inoculated before sowing the seed, the percentages of wilt were 68, 66 and 
62 respectively and when tlu^ fungus was added in September after the seed was 
sown in July, the percentages of wilt were 42, 4 and nil respectively. 

Bud plants grown in soils containing even higher proportions of almnimum salts 
and in similarly treated soils to which the fungus was added, either before sowi:ng the 
seed or two months after sowing the seed, remained healthy. There was no brown- 
ing of the tissiie.s of any of these plants, but when sections were treated with Alizarin, 
they showed a diffused pinlc colom' in the cortical cells and that too only of those 
plants growing in soils treated with the higher proportions of the salts. 

To healthy soil was added pure nitric or sulphuric acid in proportions to give the 
same munber of NO S and S04 ions as in 0*2, O’l and 0’6 per cent, of the nitrate and 
sulphate salts of aluminium. These acids were diluted with distilled water before 
adding them to the soil. In the pots containing the highest amopnt of nitric acid 
6 out of 24 plants became wilted. In each of the remaining two proportions, 2 plants 
out of 24 wilted. the S04 ions were added, no plants wilted except in the 

soil containing tlie least quantity of the ions, 3 plants having wilted out of 24. 

In 1927, 70 c. e. of 4N sulphuric acid was added to 60 lb. of "Svilted ” soil ; 4 per 
cent, of the plants became wilted, whereas in the control pots containing untreated 
“wilted’* soil, 29 per cent, of the plants died of wilt ; but when the quantity of t.he 
acid was doubled, the percentage of wilt increased from 4 to 12. These pots were 
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oontaining ihe smaller dose of fieid than in the pots containing the larger quantity. 

S(.(‘rih'::atiov. of .soil. lu 1925, “ wilted soil was dry sterilized at ]5()”(\ for one 
hour, and was idled in sterlized 9-inch pots. They were sown with A K2 cotton. 
The grow th of the plants was very poor, but there were no cases of wilt, whereas 
20 per cent, of the control jjlants, growing in the unsterilized “ wilted” soil, died of 
w’ilt. These pots, with sterilized ''' wilted ” soil, were resown the following year and 
the plajits growing in these pots were once again free from wilt. 

In 1926 and 1927, fresh lots of “ wilted ” soil ivere dry sterilized at 120®CJ. for 
two liours ; sterilized 9-inch pots w^ere filled with these soils and planted with AK2 
cotton, A few plants developed wilt in these series. 

In 1928, this experiment wars again repeated ; “ wilted ” soil, sterilized at 12ffC. 
for twm liours, sown with rosetmi, produced a few* wilt affected plants ; but rosemn 
grown in “wilted” soil, sterilized at 140®C. for tw'o horns, was not wilt affected. 
The growth of plants in these sterilized soils was again very poor. 

Effect ofjowar (Sorghum) on ihe ineuleme of wilt. In 1926, 12 pots filled with 
wilted soil were first sown mthjowar on the 24th of dime and a w-eek later some of 
them w'ere sown with AK2 and the rest in the end of August, when the jowar plants 
were W’'ell grown. Very few plants died of wilt in these series, though in the control 
pots the percentage of wilt was 69. 

In 1927 and 192Syomw' and cotton were again similarly grown together in “ wilt- 
ed ” soil ; and the incidence of wilt w^as again found to he negligible. 

Though the amount of wilt w^as so little in pots in which cotton and jowar w'ere 
grown together, still the cotton plants were very poor in growth. 

Injection exferments. In 1928, experiments w'ere conducted to see the effect 
of injecting, in plants, solutions of different strengths of aluminium and iron salts. 
The results have already been recorded in a previous publication.^ In J925, plants 
were again injected with (1) N/300 solution of pure aluminium nitrate, (2) a similar 
solution mixed with spores of Fmarkm Strain A, (3) distilled waiter, and (4) dis- 
tilled water containing spores of Eusannm Strain A. AK2 and AK4 varieties W'ere 
used for these experiments. The injection was made by means of a glass tube bent 
at right angles and having a fine point drawn out at the end of the bend. The finely 
drawn oaf end was pushed into the stem through a puncture made b}" a sterile needle 
at soil level or a little low^’or. The joint, betwaicii the gla.ss tube and the stem W'as 
made water tight by means of plastecine. The tube was filled with the liquid 
to be injected. 

Fo . these injeetioiis 3 months’ old plants having a well developed thick stem wrere 
selected ; a month and a half after they w^ere injected, the jilants w’ere microscopically 
examined. Those plants wiiich w^ere injected with distilled winter or distilled water 
and fungus spores show’ed no browning of the inner tissues-— there w as a slight browii- 

^ Dasitur, J. F. A Preliminary Account of the Investigation of Cotton Wilt in the Central Provmces 
and Berar. Agri, Jour. India, 51XIX, pp. 2S1 — 260, 1924, 
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iiig immediately round the •wounded parts and sections of the stem at the place of in- 
jection gave no reaction 'with. Alizarin. But plants injected with alimiiniuni nitrate 
solution with, or without spores showed typical browning of the tissues half an iiu^li 
Ijelow and above the punctme through which the solution was injected. In the 
sylem cells there was the typical clogging of the vessels and cells situated near tlie 
side of the stem where the injection was given. With Alizarin, the sections from the 
portions whicli had absorbed the solution gave the typical pink reaction as in, wilted 
plants. In the plants injected with the salt solution containing fungus spores there 
were no hyphee ; the portions of these stems, where the injections w^ere done, were 
externally sterilized and incubated in sterile tubes containing culture media. These 
pieces remained sterile. 

A few days after the injection experiments were started, there was a slight yellow- 
ing and partial drooping of some of the leaves of plants, injected with alumininm 
solutions. These loaves were situat(‘d on the side of the stem where tlie injecting 
tube was introduced. This yellowing and (lroo])ing was only teni]-)orary, tbe leav('S 
regained tlieir normal colour and position in a day or so. 

This method of injecting lirpiids in plants was found very unsatisfactory, Ix'causo 
during the months these experiments Inul to be. done, there were general]}' strong 
winds blowing, at times attcoinpanied with a heavy rain-fall and therefore the iji- 
jecting tube V(;ry often eithei' luoke at the point where it w'as introduced in the st{'m 
or got displaced. Therefore in 192d, the injection experiments w'ere carried out 
in a different way ■which proved to be quite satisfactory. The liquid to be injected 
was filled either in a calcium-chloride tower o.t: iu a burette, Avhieh was placed on a 
higher level than that of the plant to be injected. The lower opeming of th,o ap- 
paratus was connected Avith the part of the ]')lant to be injected by means of a piece 
of rubber tubing. The liquid aauis injected through the cut end either of a leaf 
petiole or a small twig or a lateral root, tlie diameter of the rubber tubing being 
the same as that of these plant organs, Avhich Avere cut under Avater ; the free end 
oi; the rubber tubing was then slipped over th<jm, the liquid to be injected was allow- 
ed to flow out when the rubber tubing wuis being connected with the plant so that 
l)etween. the liquid and tlie cut end of the plant part there could be no air bubbles. 
This method of injection was found to be very satisfactory, first because the liquid 
was constantly in contact with the ])lant and secondly because the amount of 
liquid absorbed could be recorded. 

Hants of AK2 Avere injected Avutli 1 per cent, and 0*5 per cent, of alnmininm 
nitrate solutions through cut ends of petioles. The liquid aa'es gradually absorbed 
and on the thir.‘d day after the experiment Avas started, the leaf petioles shoAved dis- 
tinct signs of browning and looked pale and sickly. Leaves and leaf buds, in tlic Siime 
vernation as the injected petiole, were drooping as in the case of typii’al Avilt. 

The node bearing the injected petiole showed externally the peculiar broAvning, 
and which increased elliptioally, as in the case of a normally Avilted ])]ant. Bimilar 
browning was also found at the nodes of the leaves iu the same vernation. The 
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leaves lost tlieir flaccidity, became b’mpid and drooped. The lamina marginally roll- 
ed inwards and tliere was also the yellowing of the leaves : they showed all the signs 
of typical wilt (Plate I, fig. 2). 

The stem of plants injected with 0*5 per cent, alnmioinm nitrate, when cut open, 
showed typical browning at the nodes ; the internodes did not show this browning. 
In about 4 or 5 days after injection, the plants showed characteristic signs of wilt. 
In sections made through the nodes there were a number of discoloured, vessels and 
ceils of the xylem tissues, the lumen of which were typically plugged as in naturally 
vdited plants. The tissues of the internodes looked normal ; when sections through 
the nodes were treated with Alizarin or Brazilin, they stained exactly lilcc the sec- 
tions from a wilted plant ; sections from the inteinodes, when similarly stained, 
showed a diffused pink reaction in the protoplasm of the tissues. 

Plants injected with 1 per cent, solution of the aluminiimi. salt died as if they were 
attacked by ■wilt and they showed all the macroscopic, microscopic and micro- 
chemical symptoms of real wilt (Plate "VI, figs. 4 and 8). 

Fungus hypha^ -were not found in injected plants at first, but when they -were 
left in pots for a week or .more after they began to show signs of wdlt, Fusmium 
hyphse were found in their tissues and in cultures the fungus proved to be the 
Fusarium commonly found in wilted plants, viz., Strain A. 

When the injection was made wuth a solution containing 0*25 per cent, alimii- 
nium nitrate, the plants show'ed no external signs of wilt ; but there was a slight 
amount of browning and clogging of the cells and vessels at the nodes ; a faint reac- 
tion was obtained with Alizarin in sections tluoiigh nodes. 

Plants similarly injected 'with distilled ■water also absorbed the liquid; they 
remained healthy. Plants similarly injected with distilled w'ater or aluminium 
nitrate solutions, to each of ■which was added a heavy suspension of spores of Ftmriiim 
Strain A did not absorb any of the liquid and remained perfectly healthy. It w'as 
found that the spores formed a slimy layer on the cut end of the petiole which in- 
terfered with the absorption of the liquid. But ■^'•hen to the ■water and the salt 
solutions only small quantities of the spores were added, the liquids were absorbed 
and the results were the same as in the case of liquids injected ■wdthout the addition 
of the spores. The petioles through which the spore-laden liquids "were injected 
show'ed no trace of the presence of the fungus. 

Plants injected through cut ends of twdgs gave exactly the same results as those 
injected through the cut end of a petiole. 

As in the case of naturally wilt-affected plants, the injected plants also may re- 
cover after showing the toxic effects of the injection ; new^ shoots may be put forth 
and the plants may continue their normal growth after showing the first signs of ■wilt. 
Some plants which had thus recovered were examined a month after they were 
injected ; some of the xylem tissues showed typical symptoms of wilt and what was 
most interesting was that Fusarium Strain A was found in abundance ; but still 
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tlie- plant-s looked liealthy ; th(iy were able to cany on their functions becauscs oiiiy 
a few of the v(wsols wore discoloured and filled with the brown siibst.ancc. 

A wilt resistant variety, Biiii, \vas similarly injected witli. 'J per cent, atnl 1 per 
cent, solutions of aluminium nitrate ; it showed the sanu' interna I and o.Ktei'inil 
signs of wilt as the injected AK2 plants ; but Buri plants injected with 0*5 j)er cent, 
soiiition, tiiougb they became diseased and were practically d(?.a.d five, days aJter 
the injection, showed more signs of drying up than of wilting. Browning o:l tlio 
tissues was seen near the node bearing the injected petiole and they gave the 
typical reaction with Alizarin. ' 

When the injection of the aluminium salt was dom* through roots, tiio plants 
<lcveloped tyjdcal wilt. tSome of the plants had absorlaul aJ)orit 15 c.c. of the 1. 
per cent, .solution in about 11 days’ time. Plants injected through roots showed 
the external signs of injection later than those injected through jretiole or twigs. 
Within a week aft<^r the injection, the leaves began to droop and to lt>se tlndr green 
colour ; and the whole plant looked unhealthy. The leaves which were pale yellow 
when removed from the stem showed typical brovvaiiiig at the base of the stalk, 
as in a wilted plant, and sections treated with Alizarin gave the typical pink rtjac- 
tiou. The injected root was in every way similar to the root of a wilted plant, 
Tlie Irrowniiig extended to the tap root as well. The vessels showed the charac- 
teristic plugging and gave pink reaction with Alizarin, Tlie stem showed external 
browning at the nodes as in a wilted plant. The injected plant not onf|' showed the 
Ijrowning of the tissues and plugging of the bimen of th(? xylem tissues but they also 
showed the presence of tyloses. 

Tbe various strengths of the nitrate salt used for these root injections were 1 
per cert., 0*5 per cent., and 0*26 per cent, and they all gave more or less the same 
result fe Plants similarly injexjted with distilled water remained healthy. 

In Beptember 1927, AK2 and AIv4 and Buri plants were agfiin simihirly injected 
with one per cent. Al No. 5 solution and gave identical results. 

Plants injected with water or water containing suspension of spores of Fumrium. 
Btrain A remained healthy and normal. 

In 1928, rosv.um plants were injected with 0*1 per cent., 0-2 per cent., 0*3 per 
cent., 0*4 per cent, and 0*5 per oeiit. aluminium nitrate. The external signs of 
wilt were evident in the plants injected with the salt solutions of 0*3 per cent, and 
of higher concentrations. Plants injected with the weaker solutions looked exter- 
nally healtly. 

The injection experiments show that the m,ost susceptible varieties like tmeiim 
and AK2 arc more readily liable to aliimhiium toxicity than tlie more resistant 
variety, AK4, and the most resistant variety, Buri. Of the two, ro-'iciun and AK2. 
the former is more susceptible than the latter and also more readily shows signs 
of wilt, when injected with alummiiim salts. AK4 is partially resistant a,ud c<ui 
stand a higher concentration of aluminium salts than tlie sus(u.-s})tibh^ variijlies. 
Buri, which is wholly resistant, can absorb a solution of higher concentration, and 
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tiioro inav })e. jirt'-lioiiiiary drooping of tlie leaves and tlio wood ?na.y hct-ouie dis- 
oolofired Init- mdess ilie concentration is \^ery high, e,^., 2 per cent., ilierc is no 
clogging of Mk’i cells and vessels ; the presence of the salt solution in the ceil proto- 
plasiii is detected wlseti sections are stained with Alizarin. 

Last season, filtrates of Ftimrium Strain A, cultiv.ated on Richard's solution, 
were injected in the manner described aboye in AK2 and AK4 and Biiri plantSi 
• The stale j)rodii(;ts were ahsor]')ed by the plants, but none of them showed any .signs 
of wilt or any ill eliects. Similar results were obtained whcii steriiizetl Eielnird's 
solution was used instead of the filtrates. 

TranspianUdiori of disyased pkmts. In 1927, some wilt affected cotton plants 
in different stages of disease were transplanted to healtliy soil, those plants that 
were only slightly affected revived and put forth new growth, whereas the others 
completely wilted, Alioiit three months after the plants wer(' transplanted, one 
of the sinviving and healthy plants was carefully uprooted and microseopicalh'- 
and miorochemically examined. At the end of the thin laterals, a few tiny bm,'rs 
or root-knots were found ; these were similar to those found on plants growing 
in soil manured with nim cake ; these lateral roots did not show any Ijrowmng 
of their tissues or the ]ireseiice of hyphfB. The browning was confined only to a few 
old vessels of the tap root and some of these were typically plugged but tlie new 
vessels and xylem tissues, especially those near the cambium, were perfectly normal. 
,Eyph?e also were found only in the old xylem tissues. The browniug extended 
up to the second or third interiiode of the stem. The remaining upper parts of 
the stem were normal. The microchemical reactions of the browned parts of tlie 
tissues were similar to those of tuTiically wilted plants. In cultures, from the collar 
portions of the stem, Fusarium Strain A was obtained. 

In 1928, this experiment ivas repeated. Rosaim seed was sown in soil knowm to 
be badly wilt affected. As the young plants began to show s}niiptoms of wilt, they 
were carefully removed from the soil without causing much damage to the roots, 
which were washed to remove all the adhering soil, and the?a transplanted to healthy 
soil. It was once again foimd that only those of the affected plants, which were 
in the very early stage of wilt attack, if transplanted to healthy soil, de.veloped into 
healtliy plants ; plants showing, in one of the leaves, slight loss of coiom* were 
selected ; this leaf was plucked and examined ; if there were any signs cd ln;owiiiug 
at the cut end, the plant was considered to be wilt affected. The surviving plants 
at the end of the experiment were microscopically and microchemically exa- 
mined, and for the purpose of this experiment, only those plants were considered 
in which there was browning of the xylem tissues. This browning was confined 
only to a few cells of the early developed xylem tissues and they gave the typical 
red colour when stained with Alizarin ; the rest of the tissue.s remained uiislained. 
This was a positive proof to show that the plants, when transplanted, were affect- 
ed by wilt. From these surviving mature plants, Fusmimn Strain A was isolated 
when a piece of the tap root near the soil level was inouhated. 
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hmiiUitioii Expen-ments. In 1925, twenty-foiir plantt! were grown in i^ots iilled 
with sa]id to which was added a handful of “ wilted ’’ soil to serve as a sort of ino- 
culum ; none of these plants became wilt affected. 

Cotton seeds were sown in small pots filled with sand. These pots were daily 
irrigated tlirough their drain holes with water containing a heavy suspension of 
spores of the cotton wilt fungus. Rone of these plants showed any signs of wilt, 
or any internal browning or the presence of the fungus in its tissues though the 
plants were poor in growth and died of starvation after they were a few moiiths old. 

In 1925, “ non- wilted ” soil was well mixed with small pieces of wilted cotton 
plants, which were collected in the end of 1924-26 season. Twelve pots were filled 
with this soil ; 21 plants out of 48 developed the typical wilt disease. ^Vhen the 
soil was resown with cotton in 1926, the percentage of wilt was raised to 61 from 
44 of the previous year. In 1926, a fresh lot of “ non-wilted soil was mixed 
with pieces of wilted plants, collected in February and March of the same year; 
another lot of non-wilted” soil was mixed with pieces of healthy dried plants, 
collected the same time as the wilted plants ; a third lot was at the same time mixed 
with jrioces of dead branches of Thespesia populnea. These tlirce different lots 
of the mixed soil were sown with cotton in June. Thirty-two per cent, of plants 
were typically wilted in the soil mixed with wilted plants ■ 8 per cent, in the soil 
containing pieces of healthy dried cotton stems ; and in the third lot all the plants 
were healthy. 

In 1927 these experiments were repeated, and once again similar results were 
obttiined. Two modifications of these experiments were at the same time also tried. 
About fifty pieces from wilted plants of the previous season were externallj’ sterilized 
and incubated a few days before sowing time. Every one of these pieces developed 
Fiisaniim )Strain A. Having thus made sure that the fungus was viable in them, 
each piece was planted in direct contact with a cotton seed at the time of sowing. 
The germination of the seeds was very good and the seedlings developed into normal 
plants ; there were no cases of wilt. The other modification consisted in inocula- 
ting, with pure cultiu'es of Fusarium Strain A, pieces of healthy dried cotton stems, 
collected in the end of the previous season. When the fungus was growing liixu- 
riently on these stem pieces, they were mixed with the soil in the same way as wilted 
or healthy stems were mixed in the experiments described above. A few plants 
growing in these pots became wilted to the same extent as those growing in the 
soil mixed \v'ith pieces of healthy dried cotton stems. 

Rosen’ 4 experiments have shown that “in the presence of heavy infestations 
of the fungus,” Fusarium vasinf cctum Atk., nitrate of soda, at the rate of 1,0(J0 
pounds per acre, inhibits germination of cotton seed. In September 1928, rosmm 
seeds were sowm in pots containing either “ wilted ” or healthy soil or sand, to which 

^ Eosen, H. R, A consideration of the pathogenicity of the cotton wilt fungus, Fu-iufium 
vos'iiiJccl.uin. XXVlIf, pp. 411)— 438, i92S. 



JEHAKGIR. PARDWJI DASTUE, 


added sodium nitrate at tlie same rate used hy Rosen. Tiie soil or sand ol 
some of tliese treated jjots a.nd of the untreated control pots Avas well mixed witli 
Fusamm Strain A. The fungus was cultivated in 500 c.c. capacity flasks, each 
containing 300 c.c. of glucose agar medium. When the fungus Avas luxuriently 
growing in these flasks, the whole contents of one flask were added to each pot of 
one gallon capacity. The seeds germinated equally A?ell in all the pots. Thus it 
AA^as found that, unlike F. vasinfectum, F. Bimin. A does not inhibit germination in 
presence of sodium nitrate. 

Ill September 1928, roseum was grown in pots of 1 gallon capacity containing 
either sand or “ Avilted ” or healthy soil. To some of the pots of each of these three 
lots Fusarium- Strain A was added before soAA'ing the seed. Tlie rest AA'erc kept 
as controls. There was another series identical in eA'^ery way, except that the pots 
used were of three gallon capacity and therefore the amount of soil or sand in each 
pot was proportionately larger. 

The fimgns, that AA^as to be used as an inoculnm, ayes groAvii in Erlenmpo flasks 
of 600 c.c. capacity containing 300 c.c. of glucose agar ; and Avheii the fungus was 
groAving luxuriently, the whole contents of a flask were added to each of the big or 
small pots to be inoculated and were Avell mixed Avith the soil or sand. 

The seedlings groAving in the small pots containing the inoculum began to die 
very rapidly. They did not shoAv any signs of Avilt, but there was a distinct collar 
rot. The seedlings at first were damping oflt only in those small pots which con- 
tained the fungus mixed with soil. Species of Pytlvkmi and Fliyto]ililhora \A"ere 
isolated from the diseased collar and leaves. There Avere also a fcAA^ cases of Mlii- 
zoctonia in these pots. Fusarium Strain A was isolated from these diseased seedlings 
but chiefly along with the Phycomycetus fungi mA 'Rkizoctonia. The feAA' oases in 
which the Fusarium Strain A alone was isolated did not shoAv any signs of Avilt, but 
showed a clear Avet rot and these seedlings Avere in an adAmnced stage of decay, when 
they were incubated. Presumably the Fusarium had overrun the Phycomycetus 
fungi and was therefore more readily isolated. A little later there were identical 
cases of damping off in the remaining small pots containing soil, serAung as controls, 
and in the big pots, containing inoculated or uninoculated soil ; but only a feAA^plallts 
had damped ofl and Phycomycetus fungi and Fusammi Strain A were isolated from 
these plants also, if they were not in an ad\’-anced stage of decay ; but Fusarium 
Strain A alone was again isolated only from those plants AAdiich Avere wholly rotted 
and practically dead. Though only a few plants in these pots became diseased, still 
they became diseased in the same way as plants in the inoculated small pots. Plants 
giwing in the pots containing sand remained healthy. 

These experiments once again show that Fusarium Strain A is not parasitic and 
is present both in ‘‘ wilted ” and " noii-wilted ” soils. They further shoAv the danger 
of adding a, large quantity of a nutrient medium to the soil, especially Avhen the 
AA’oather is very wet, as aauas the ease when these experiments were 
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In “ wilted ” soil, rakar {Gajmvm iml'wuu)^ gram, Hihkcns cf^culvuius, tomatociH, 
and tobacco were sown. All these plants developed normally iuid re.iri!t:incd bcaltby. 
Except mhar atid gram, the}’’ were also sown, in bi^ultliy soil, inocailuted with, the 
cotton wilt fujigus : none of them became infected. 

The effecl of mder-hyging on the incidence of uilt. Last season, the effect of water- 
logging on wdlt was tested by growing plants in ].mts which had no drain holes. 
In wilt alfectcd soil, the incidence of wilt wtis 50 per cent., and in In'.althy soil it 
w'as 12 per cent., whereas in control pots, with proper drainage, the incidence of 
wilt was 29 per cent, in wilt affected soil and in healthy soil there was no wilt. 

Plants grown in glaas cases. In 1926 and 1927 plants in ‘‘ wilted ” and healthy 
st>ils W'ere grown in glass cases ; some of these oases were placed under the tope of 
a tree and others were kept in the open so that. th(5y ma}^' Ijo exposed direct to sun.' 
light the whole day. The atmosphere inside all tli.c,se cases was vcj’y humid, ])ut 
the soil was never water-logged as w’ater w^as given only wdicn necessary : Init the 
temperature inside the cases wurs much higher than that of the outside atmosphere, 
hfoiie of the plants growing in these cases developed wilt. They flowered and set 
fruit normally. 

The effect of the size, of pots on the ineiden.ee of unit. In the (ioiirse of the study 
of this disease during the last four years or so, it was often noticed that the incidence 
of wilt m pots of varying capacities wuis not the same, even though the pots were 
filled with the same lot of wilted ” soil. There appeared to be some evidence to 
suspect that there wuvs less wdlt in small pots than in big jiots. ‘ Therefore experi- 
ments were started to see how far this suspicion, was justified. In 1927, pots of 
six different capacities were filled with the same lot of “ wilted ” soil ; there were 
six pots of each si/e ; they were planted with AK2 varieties. In 1928 the experi- 
ment was repeated ; luit, as AK2 seeds were not available, this variety replaced 
by Eosciitn. The results are given in Tables I and 11. 

Table!. 


1927—vcmeUj AK2 


Capacity of pots in galloua 

Percentage of wilt 

18 

29 

S 

20 


12,, 

2i 

■ 41 

li 

8 

h 

4, 
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Table II. 


1928 — variety Roseimi. 


Capacily of pots in gallons 

Percentage of wilt 

IS 

85 

8 

85 

41 

78 

2 

1)4 


12 




If we reior to Table 1, we find tliat for some nnknown rosison pots of -gal Ion 
capacity have given the largest amount of wilt. If we excliulc this re.sult, it seems 
from tliese two experiments that the size of pots has some influence on the incidence 
of wilt. 

Wateb Culture Experiments. 

It was found from preliminary trials that cotton .seedlings grew very well in 
Knop’s .solution of half the normal strength ; and so, for water culture experiment, s, 
this was the medium used. Seedlings were first grown in sand for about a week 
and then transferred to tall Jena glass jars containing Knop’.s solution of half the 
normal strength. The solution was changed once every week. The seedlings 
were allowed to grow in this solution for two to three week.s, by which time the root 
system was well developed and the seedling.s had put forth new leaves. In the 
third or the fourth week, some of the jars w'ere filled with equal quantities of Knoj)’s 
so ution and aluminium nitrate N/DOO so ution or aluminium nitrate K/OOO 
solution. These solutions w'ere changed once every w('ek. The plants growing 
in Knop’s solution of half the normal .strength flourislied, but tho.se growing in 
the solution containing aluminium nitrate had very poor growth. There wa.s very 
little development of new roots and new leaves, especially when the higher stKUjgth 
of the aluminium salt was used. The plants in the solution with tlie aluminium 
salt died earlier than those in the pime Knop’s solution in which flowers and bolls 
wore de.vcloped. In the plants grovdng in the medium containing aluminium salt 
solutions, there wa,s just a slight browning of the vascular tissues near the pith. 
In. some jars, spores of Strain A were regularly added at the time of the 

weekly renewal of tlie .solutions, after the plants had been growing in th<3.so solm 
tious for four or five weeks. But none of the plants took the infection. 
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III 1926 these experiments were repeated with this modification that a higiier; 
str( 3 ii.gth of aluminiiim nitrate solution was also used, viz,^ N/300. 

AK2 and AK4 plants growing in solutions containing equal parts of the standard 
Kuoj^’s solution and of aluminium nitrate solutions of different strengths sliow'ed 
internal browning which was more conspicuous in plants growing in solutions 
containing aluminium nitrate N/300, Plants growing in these media were stunted 
and did not develop many new roots or leaves ; whereas those growing in half 
Knop’s solution put forth a good growth and developed flowers and fruits (Plate III, 
figs, i and 2, Plate IV, figs, 1 and 2, Plate V, fig, 1). AK2 and AK4 plants growing 
in lialf Knop’a solution or in any of the above mentioned mixtures containing 
aluminium salt solutions of different concentrations did not get the infection when 
.spores of Fusarium Strain A were regularly added at the time when the old solutions 
were changed for fresh ones. 

Plants growing in these Knop’s solutions containing aluminimn salts showed 
more or less typical wilt symptoms and these symptoms were more marked, higher 
the strength of the aimninium salts. Microscopic characters of these plants w^ere 
the same as those of naturally wilted plants and they gave the same microchemioal 
reactions when treated with logwood and ammonium carbonate or Alizarin or 
Brazilin. , 

Plants of Buxi did not wilt in Knop’s solution to which was added aluminium 
nitrate in varying proportions. The plants appeared to die of starvation, but there 
was no browning of the tissues and no pink reaction with Alizarin. 

Staling Experiments. 

In 1925, 1926 and 1927, several experiments were conducted to see on, cotton 
plants the effect of substances secreted or excreted by some fungi. T,he staling 
products of the following Fiisaria were tried : — 

Fusarium isolated from “ wilted ” and “ .non- wilted ” soils and wilted cotto,ii 
plants ; identical to Fusarium Strain A, described by Jiwan Singh h 
Fusarium isolated from wilted ” and “ non-wilted ” soils and wilted cotton 
plants ; identical to Fusarium Strain B, described by Jiwan Singh. 
Fusarkm isolated from wilted cotton plants left standing in the fields a 
long time after they are dead. Its conidia form blue incrustations on 
the underground decaying parts of the plant. The fungus is identical 
to Fusarium Strain. D, described by Jiwan Singh. 

Fusarium sp. isolated from wilted cotton plants in the South Karuatak." 
Fusarium sp. isolated from a decaying cotton boll. 

sp, isolated from dead wheat plants. 

Fusarium sp. isolated from dead rice plants. 

' Jhvan Singh. Loo. cit. 

- T’bis fungus was kindly siiiipliod by Mr. G. S. Kulkarni, Spooial Cotton Mycologist, .DharwfU’. 

It lui,3 been found by Jiwan Singh to bo identical to his Fumriim Strain A, 
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Fv.snnnm mfsinfectuni 

Fumrium vFum Butl. isolated from \?ilted Raliar plants. 

Fasarinm sp. isolated from wilted gram plants. 

In addition to tlie stiiling products of these those of Rlutnclonia .sp. 

from cotton, and of sp., sp., and AsjiergiUus sp. isolated from 

wilted ’’ cotton soils were also tried. 

Each of these fungi was snbcultured in Erlenmyer flasks of 200 c.c. capacity, 
eacb containing 60 c.c. either of liquid potato extract ^ or of Richard’s solution. 
When the cultures were a month or more old, the liquid from each lot of tliese flasks 
was decanted and filtered either under pre.ssiire through six to eight folds of filter 
])apcr or tlnongh Ailuiidimi filtering cones. The filtrate was divided, in each case, 
in two parts— one part was used as it was, and the other was just brought to the boil 
and then allowed to cool to room temperature before being used. Seedlings and cut- 
tings of AK2 and AK4 plants were used for thevse experiments. The cuttings were 
cut under water and were more or less of the same size. The seedlings were raised 
in sand ; as far as possible seedlings with the same nmnber of leaves were selected. 
Eacli seedling or cutting was placed in a glass tube containing 15 c.c. of the fil- 
trate. fJontrol seedlings and cuttings were similarly kept in tubes, eitber contain- 
ing 15 c.c. of distilled water or of sterilized Riebard’s solution or of sterilized liquid 
potato extract. 

The. filtrates of all these fungi gave practically the same results. They were, 
more or less, all toxic to cotton seedlings and cuttings. The results in detail are 
given in Tables HI to X. 

Table III, 

Staling experiment No. I , (26th October, 1925). 


Cuttings and seedlings of AK2 and AK4 placed in the staled products from one 
month’s old cultures on liquid potato extract. 


Fungus 

F'Umrmm 

Filtrate 

Plants 

No. OF HOITIIS WHEN- 
WILT FIKST AP- 
I'EUIED 

No. OF Honns witex 

THE PliAKT COM- 
PLETELY AYILTEO 

Cuttings 

Seodlings 

Cattings 

Seedlings 

c\ 

Unboiled 

AK2 

0 

12 

10 

20 

1. Strain A (from a wilted ) 

Boiled 

AK2 

8 

(» 

S 

19 

plant). 1 

Unboiled 

AK4 

5 

5 

S 

19 


Boiled 

AK4 

4 

2-5 

7-,o 

12 


^ Tills fiuigus was obtained, tlirougli the kindnes of Dr. E. J. Butler, Director of the Imperial 
Bureau of Mycology, London, from Di'. Shear of the Bureau of Plant Industry, U. S. A, 

® This medium was made up a.s follows : — 

Potatoes were peeled and cut into email pieces and thoroughly washed. 800 grams of these piece.s 
were stewed in a litre of Abater for tivo hours. Fifty c.c. of the liquid extract, which was obtained by 
straining the .stew through fine muslin, Avere sterilized, in Erlenmyer flasks, of 200 c.c. capacity each, 
at 120°0. for 20 mimite.s. 
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Table III — conckt 

iStaUvg exjmiment No. I. (2Gtli October, 1925) condd. 






No, OP HOURS WHEN 

No, OP Jioims WHEN 





wn/r FIRST 

TUK TEANT COM- 

Fungus 

F'nsarium 






PT.ETI'R 

* WILTED 


Filtrate 


Plants 







Cuttings 

Seedings 

Cuttings 

Seedings 





- 

Unboiled 


AK2 

3 


8 

4 -5 



Boiled 


AK2 

4-5 

7'5 

19 

19 

2. Strain A (from “ wilted-: 
ed ” soil). 


Unboiled 


AK4 

S 

6 

■ 19 

19 



Boiled 


AK4 

S 

(i 

19 

19 


r 

Unboiled 


AK2 

19 

2-3 

24 

12 



Boiled 


AK2 

4 

G 

10 

19 

3. Strain A (from “ non-< 
wilted ” soil). 


Unboiled 


AK4 

2-5 

1-5 

10 

7<5 


L 

Boiled 


AK-4 

2*5 

4 

7-3 

10 



Unboiled 


AK2 

5 

1-5 

10 

8 



Boiled 


AK2 

10 

7-3 

19 

19 

4. Strain B (from a wilted 






12 

20 

20 

plant). ! 


Unboiled 


AIv4 

12 


i 

Boiled 


AK4 

12. 

6 ■ 

20 

19 

r 

Unboiled 


AK2 

12 

7-6 

19 

19 

I 

Boiled 


AK2 

5 

4 

»• 12 

12 

5. Strain B (from “ wili--( 



AK4 




7-3 

cd ” soil.) I 

Unboiled 


2 -r. 

2-5 

8 



Boiled 


AK4 

1-5 

1-5 

7-3 

12, 

r 

Unboiled 


AK4 


4 

10 

19 

1 

Boiled . 


. AK2 

6 

4-5 

19 

12 

6. Strain B (from “non--:' 



AK4 

0 


19 


wilted ” soil). 

Unboiled 


4-5 

7*5 



Boiled 


AK4 

2-3 i 

1 

4- 

1 ■ iS 

19 


Controls in distilled water were liealtby wben tbe experiment ended on the fourth 
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Table IV, 

Sfulitfc/ eccpenment No. 2. (9t]i December, 1926). 

Guttings of AK2 and AK4 plants placed in the staled products from two 
months’ old cultures on Eichard’s solution. 


Fungus 

Fusafiitni, 


1. Strain A (from a wilted plant) 


2. Strain A (from “ wilted” soil) 


3, Strain A (from non-wilted ” soil). - 


4. Strain B (from a wilted plant) 


i). Strain B (from “ wilted ” soil) 


7 


C>. Strain B (from non-wilted 


” soil). I 


Filtrate 

Plants 

No. of hours 
wlien wilt 
first apf)eared 

Unboiled 

ae:2 

24 

) Boiled 

AK2 

4-5 

) Unboiled 

AK4 

4-5 

. Boiled . 

AK4 

23-5 

'' Unboiled 

AK2 

7-5 

) Boiled 

AK2 

7-5 

) Unboiled 

AK4 


V. Boiled 

AK4 

7<5 

Unboiled 

AK2 

7-0 

1 Boiled 

AK2 

7-5 

1 Unb(jiled 

AK4 

23 

. Boiled 

AIv4 

24 

' Unboiled 

AK2 

7-5 

1 Boiled , . 

AK2 

7-0 

i Unboiled 

AK4 

19*5 

Boiled 

AK4 

9 

Unboiled 

AK2 

2-5 

Boiled . 

AK2 

7-5 

Unboiled 

AK4 

24 

Boiled 

AK4 

2>5 

Unboiled 

AK2 

7-5 

Boiled 

AK2 

19-5 

Unboiled 

AK4 

4*0 

Boiled 

AK4 

19-3 


No. of hours 
when the 
plant eom- 
pletelj 
wilted 


30 

9 

24 

28 


10 

10 

9 


9 

9 

30 

30 


24 

21 


7'5 

12 

30 


Controls in distilled wRter were healthy when the experiment ended on the 
second day. 



Controls in distilled water and liquid potato extract were healthy wdieii the 
experiment ended on the second day. 


Btalmg experiment No. S. (Biih tlanuaiy, 


Cuttings of AK2 and AK4 plants placed in the staled products from 1-^- months’ 
old cultures on liquid potato extract. 


Fung'fis 

Ihiyifhmi 


Colour 
of flio 
filtrate 


No. of 
[uinvs wliou! 
vilt iir.st 
ajipcaroi'l 


No. of 
hours when 
the j)Iunt 
ci-niplete- 
ly -svilted 


COTTON WTUT 

Table V. 


1. Strain A from a wiltorl plant 


2. Strain A from “ wilted ” soil 


3. Strain B from a wilted plant 


4. Strain B from '‘ non- wilted,” .soil 


5. Strain B fr<im wilted plant 


. ii’j'om Riee 


7, From -wheat . 


Unboiled 

Boiled 

Unboiled 

Boiled 

LTnboilecI 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 


Dark f 
straw J 


\ 

r yellow ] 
J transparent t 

\ 

f 


Straw f 
yellow J 
trans- 
parent, { 

] f 

straw- 

)“ yellow ■< 

I slightly j 
opaline, y 


I Light straw j 
f slightly 1 
J opaque, f 

) r 

I Dark straw I 
y yellow •< 

1 trans- : 
j parent, i. 

i;)ark 

.straw 

yellow 

slightly 

t-urbid. 


1 Light 
straiv 
^ yellow 


yenow 
.slightly I { 
opaque. U 


AK2 

AK2 

Alv4 

AK4 

AK2 

AK2 

AK4 

AK4 

AE2 

AK2 

AK4 

AK4 

A;K2 

A.K2 

AK4 

AK4 

AK2 

AK2 

AK4 

AK4 

AK2 

AK2 

AK4 

AK4 

AK2 

AK2 

AK4 

AK4 


20-5 

n-5 


20-.j 

20-d 

20-5 


■Si 

20’d 

0-5 

20‘.r) 
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Table yi. 


Staling experiment No. 4. (21st January, 1926). 

Cuttings of AK2 and AK4 plants placed in tlie staled products from 11 montlis 
oid cnltiu’es on Riciiard’s solution. 






j Ao. of hours 


Filtrate 


No. of hoiirs 


Ftmirium 

Plant 

when wilt 

j plant com- 



first appearet 

pletely 



Unboiled 

AIv2 

4*5 

2i 

1. .Strain A from a wilted plant . 

Boiled 

AK2 

4-5 

9 

Unboiled 

AK4 

■* 

Jte 


Boiled 

AK4 

12 

21 

r 

Unboiled 

AK2 

12 

21 

2. .Strain A from wilted ” soil . 

Boiled . 

AK2 

3-5 

21 

Unboiled 

AK4 

12 

21 

1 

Boiled 

AK4 

3-5 

21 

r 

Unboiled 

AK2 


H.- 

3. Strain A from “ non- wilted ” soil . 

Boiled . . 

AK2 

12 

21 

Unboiled 

AK4 

1 

5 

L 

Boiled 

AK4 

21 

30 

f 

Unboiled 

AK2 

12 

21 

i. .Strain B from a wilted jihait . ^ 

Boiled 

AK2 

12 

21 

Unboiled 

AK4 

12 

21 

1 

Boiled 

AK4 

12 

21 

r 

Unboiled 

AK2 

4-5 

21 

5. .Strain B from “ wilted ” soil , rj 

Boiled 

AK2 

4-5 

21 

Unboiled 

AK4 

4-5 

21 

t 

Boliled . 

AK4 

* 

* 

r 

Unboiled 

AK2 

' 2 

5 

6. Strain B from *' non- wilted ” soil , 

Boiled 

AK2 

4-5 

21 

Unboiled 

AK4 

12 

21 

1 

Boiled 

AK4 

4-0 

21 

r 

Unboiled 

AK2 

12 

21 

7. Strain I) from a wilted rdant . ^ 

Boiled 

Unboiled 

AK2 

AK4 

4-5 

12 

21 

21 

1 

Boiled . 

AK4 

4-5 

21 

r 

Unboiled 

AK2 

12 

21 

S, From Uue , . . . 

Boiled 

AK2 

4-3 

21 

Unboiled 

AK4 

12 

21 

1 

Boiled 

AK4 

to 

21 

r 

Unboiled 

AK2 

12 

21 

9, From wheat. . . . . -1 

Boiled 

AK2 

12 

21 

Unboiled 

AK4 

2 

21 

1 

Boiled 

AK4 

3-5 

21 


Controls in distilled water and Biotard’s solution were healtliy when the ex- 
periment ended. 


*Tiies5fc plants showed no signs of wilt till the time when the experiment ended op the 2nd daj . 
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Table VII. 

Staling eaypemn^&nt No. o, July, 1920). 

Soodlings of AK2 and AK4 placed in the staled products from 2‘| moutlis' old 
cultures on Ric, hard’s solution. 


Eiragus 

f''uifiriura 


Colour 

of 

filtrate 


No. of 
our.H -whonl 
wilt lii'ati 
iipyearofl 


(). ot 
jliour.s wheu 
fhe plant 
;(imi)i(.;t<ily 
wilted 


1. From Dliarwar (identical to J 

.ytrain A). 


2. Strain Bfivim a wilted [)l;int. 


3. Strain C from a wilted plant 


4. Strain 0 i'nrui a wilted plant 


I 


1 


i>. F. r<iii.imclHm Atk. i'ruin 
U. S. A. i 


o. Strain H from a dead Cotton 


1 


7. F, lulum Butl. from a wilted j 
Arh-ir [ilant. -j 


S. From wilted giain 


Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boileil 

Oiiboiled 

Boiled 

Unboiled 

Boiled 

Unbuiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

U 11 lioiled 
Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 

Unboiled 

Boiled 


'I Light C 

t .‘Straws J 

f yellow I 

j clear. [ 

Light .straw C 
yellow 
very •< 

.slightly I 

turbid. i. 

Light 
•strav.' 
yellow 
slightly 
turliid. { 

) Xaght f 
amber 

J \ 

i .strfiw j 

y yellow ! 

slightly 

J turbid. V 

■) Light 
I siraw' 

y yellow' 

idightly 
J turbid. 

1 Straw 
V yellow 

I elear. 


Light 
> amber 
elff>at. 


AK2 

AK2 

AK4 

AK4 

A,K2 

AK2 

AK4 

AK4 

AK2 

AK2 

AK4 

AJv4 

AK2 

AK2 

AK4 

AK4 

AK2 

AK2 

A!v4 

AK4 

AK2 

AK2 

AK4 

AK4 

AK2 

Al\2 

AK4 

AK4 

AK2 

AK2 

AK4 

AK4 


20 

20 

1.0 

20 

BA 

3A 


12 

19 

12 

20 

Jha 

IS 

li) 

19 

19 

10 

19 

3A 


10 

If) 

10 


20 

22-5 


19 

24 


22-0 

22 >r» 


24 

24 


Controls in distilled water and Richard’s solution wore Iioalthy when the cx- 
perhuent ended. 

These planks showed no t!ig'n,s of wilt till the time whgn the e\peniise!it ended ou the 2ud day. 
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Table Vm. 

■ Staling exiienments Nos. 6 A. and 6 B. 

Cuttings of AK2 and AKd plants placed in tlie staled products from U- months' 
old ciiituxe on Ricliard’s solution. 

E^)eriinent No. 6A was conducted on the 4th September 1926 and Experiment 

IN o. was conducted on the 15th November 1926. 


No. ol hours No. of hours when 
wlteii wilt first the plaut eorn- 

appeared pJotel y wilted 


pNp. f)A Exp. (jB Exp. OA Ex; 


, . f 

Unboiled 

[. lu'orri idiarwarj 

Hoiled 

(identical to Strain 1 

Unboiled 

A.) 1 

Boiled 

r 

Unbiiiled 

f. Strain B from a j 

Builefl 

W'llted plant. i 

Unboiled 


3. Strain C from 
wilted plant. 


4. Strain .1) from aj 
wilted plant. \ 


5. F, rminfeetum ] 
Atk, from U. S. A. 1 


ti. Strain B, from a j 


dead* cotton boll, j 


7. P. whim. IJntl. j 
from wilted Artiar{ 
fdaiit. I 


f yellow 
J dear, 
i Light 
I pale 
> straw- 
yellow 
J clear. 

'j Light 
I i)ale 
V stiaw 
I yellow 
J clear. 

I Dark 


amber J I 
clear. 1 


Very Hglit [ 

-■ strsiAV A 


1 Light pale f 
I strarv | 

)" yeJhrw A 

sligb Uy I 

J turbid. [ 


t DarkamberJ 
f clear. h 


(Controls in distilled water and Richard’s Solution were healthy when the ex 
periment ended. 


rhf. Loie when the exj)eriment ended on the 2nd day in 

...if. uabt. oi nxp, uiuem .No. (,A and on the 3rd day in the ease of Experiment No. OB. 






II 






■ 

lil 




: 
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Table IX. 

Sidling expcrmient No. 7, (Ttli October, 1927). 

Cattings of AK2 placed ia the staled products from one iiioiith’s old oiilturca 
oa Richard’s solution. This experimeat was repeated twice. 







No. of 



Colour 



hours 

Filtrate 


of the 


Cutting No. 

when wilt 



filtrate 



first 

apftenred 

Unljoilcd 


V 

( 

■1 

20-5 



straw 

1 

3 

It) 



b vellow 

J 



Boiled 


clear. 

1 

1 

20-5 



J 

1 

2 

12 

Unboiled 


1 Straw 

[ 

1 

5*5 

Boiled 


)■ v(il!ow 

J dear. 

J 

1 

. 1 

12 

20-3 

Unboiled 


^ Light 

r 

1 

10 



1 pale 
> straw 

J 

2 

10 

Boiled 


yellow- 

1 

1 

10 

» 


J dear. 

1 

■■ 2 . ■ 

10 

Unboiled 



f 

'.''.'I; 

12 

lioiied 


i-Dark 

umber. 

J 

i 

1 

2 

12 

203 

20-5 

Unboiled 


1 Straw 

r 

1 

24 -.5 

Boiled 


V yellow- 
dear. 

1 

1 

. , 2 

20-5 

20-0 

Unboiled 


1 Ixight 

r 

1 

20-5 

,, 


b straw 

J 

' 2 

5-3 

Boiled 


C yellow- 
j dear. 

1 

b 

• ■ 1, 

12 

12 

Unboiled 


\ Straw 

f 

1 

!..■ ■ 2 

' 1 

2 ^ ■ 

20-5 

20-3 

12 

24 

Boiled 


b yellow 
dear. 

{ 

Unboiled 


T 

r 

1 

1-3 

Boiled 


y- (Mourlesa 

J 

1 

2 

I 

1-3 



J 

i 




No. 

liiours wlicu 
tlie plant 
complolely 
wilted 


1. From Dliarwiir (icloiilitiil to J 
Strain 1 


2. Fimriim Strain A from 
wilted plant. 


3. Fitmrium Strain B from ii 
wilted plant. 


4. Fmimtm Strain D from a _f ' 
wilted plant. y ^ 


S. Fumrium msinfccfani Atk. 
from U. S. A. 


6. Fmariim fioin wilted gram . 


7. Fnmr'mm ndum Butl. from 
wilted Arhar plant. 


8. Rhizoctmia on cotton , 


ilted cram 

{ 
J 


3(i 

30 

34 
2!) -5 

30 

30 

tiO-d 


20 

20 

20 

20 

24 ■» 
20-5 
3(5 
30 

30 

30 

30 

29-3 

30 

20-3 

24-5 

24*5 

30 

30 

20-3 

36 


20-3 

20-5 


Controls in distilled water and Richard’s solution 
periment ended on the third day. 


were healthy when the ox- 
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Table X. 

Staling experiment No. 8. (lOth November, 1927). 

Pi.WH- oM cultures ou 

-Kich.a...d to solution, ring experiment was repeated six times. 


Bungus 


3. Fuf!nriwm Strain A I'ruiii wiltedd 
soil. ' 


Mwior sp. from wilted soil , ■{ 


Colour of the 
filtrate 


Unboiled 


Light 
)* .straw 
yellow. 


Verv 

light 

straw 

yellow. 


Cutting ISTo 

No. of 
hours 
when wilt 
first 

appeared 

cf 

hours when 
the plant 
completcly 
wilted 

1 

5*5 

22 

2 

7 

24 

3 

12 

24 

4 

12 

22 


2 

8-5 

fi 

12 

22 

1 

2 

8*5 

2 

3-3 

22 

3 

8-5 

22 

4 

S-5 

22 

f) 

2 

8-5 

0 

2 

8-5 

1 

(i 

24 

2 

2 

24 

3 

22 

t 

4 

22 

t 

fi 

22 

f 

(5 

12 

t 


ilted when the experiment ended on the 2nfl day. 
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Table X~~-€,ontd. 

Hfalimj cxpmwtiut No. 8. (lOtli November, ;1927} - 


Emigua 

Jj’ilti’ate 

Colour 
of the 
filtrate 

Cutting No. 

No. of 
hours 
when wilt 
first 

appeared 

No. of 
lonrs when 
the plant 
complete- 
ly wilted 

- 

Unboiled . 


1 

, 4 

S'O 




2. 

2 

8-5 




2 

5-5 

22 




4 

12 

24 




b 

5’5 

22 




() 

7-n 

22 

;■}. Puik'dliim «!>. from wilted-^ 


1 Black 




soil. 

Boiled 


1 

22 

t 


»> • 


2 

8-5 

22 




:} 

2 

22 


„ 


4 

12 

22 




5 

3-5 

22 

1 


1 

(i 

f) 

8*5 


Unboiled . 

1 1 

1 

2 

Sva 




2 

2 

8-5 




2 

{>•5 

22 




4 

12 

t 


» 


5 

12 

t 



Dark 

b 

12 

t 

■1. J’eiiiciUi'im sp. Iroin uiltod-: 


y straw 




soil. 

Boiled 

yellow. 

] 

(;i-5 

24 




2 

5-5 

22 




4 






5 


ii: 


. » , : • 


1 'b 

B-.b 

22 


• These plants showed no si^tis of wilt til! the time when the experiinent ended on the 2nd day. 
t These plants were not completely wilted when the experiment ended on the 2nd day. 
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Table ‘K—-conckL 

Sittli'Hf/ experiment No. 8. (lOtli November, 


iTo. o- No. rif 
hours hom\=3 when 
Cutting No. when wilt the i)Iiint 
first complete- 
appeared ly wilted 


5. A-S2)crrjinm sp. from wilteci soii4 


Controls in distilled water and Richard’s solution were healthy when the ex- 
periment ended. 

Discussion and Conclusions. 

It may be urged, that because a particular has been found in wilted 

plants, therefore it must be pathogenic and directly responsible for the disease. 
The more or less constant association of a fnngus with a diseased plant does not 
necessarily connote its parasitism. For example, Pkonia beta is constantly asso- 
ciated with the leaf rot of sugar beet and beet root. Caiimann^ considers that 
there are two distinct causes of the beet rot, the primary cause l)eing physiological 
and the fungus being only secondary. A Fusarkim is also constantly associated 
with the brown rootrot of tobacco, but its parasitism has not been definitely de- 
monstrated and Johnson, Slagg and Mur win- are of opinion that evidence points 
strongly in the direction of the disease being not due to the Fusarium. 

iGiluinann, E. Untersucliungeii fiber die .Herzkrankheit (PhvUonekrose) der Bunkel-uM Zucker’ 
iliben. BciIjI. zur VierteliahrK.soIu'. Naturfomch. Gesehlseh. Zurich, ,LXX, No. 7, 1925. 

“ Johnson, J., Slagg, C, M., and Murwin, H, E. The brown root-roi tobacco and other Tjiant-? 
U. S. Dept Ayri. Bull. lilQ,192Q. i 
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; In comieetioix witli Western Yellow Blight of tomatoes, there is the almost 

’ invariable occurrence of root decay, and several fungi, principally Fumrium spp. 

- and Rkkoetonia solani, have been isloated from the rotting roots, but no concliisiv e or 

consistent results have been obtained to prove the parasitism of these fungi. Sha- 
povalov^ has come to the conclusion, as a result of his experiments, that this 
blight is “ most decidedly determined by certain combinations of weather con- 
ditions ” and that the fungus attack may be a secondary phenomenon, 
i. As pointed out by Johnson and his collaborators Fusarium spp., being soil 

saprophytes, may be found in decaying and healthy roots. In tobacco plants 
, ; Fusarium sp. has been isolated from healthy roots of not only susceptible varieties 

but also of immune varieties. Fusarium spp. have also been obtained both from 
; healthy and diseased cotton plants. We have already seen that healthy mature 

cotton plants, both of susceptible and immune varieties, growing in wilted soil 
have the fungus in their healthy roots at the end of the season. In healthy plants 
growing in non-wilted soil treated with nim cake, the fungus has also been found 
in normal parts of the tap root above the gall. Plants even of immune varieties 
injected with solutions of alnniinimn salts develop typical wilt, and at first the 
wilted plants do not show’’ any trace of the fimgus, but if the dying injected plants 
are left in the soil for some time, the fimgus is found in them. 

Typical wult has also been produced by heavily manuring noii-wulted soil. When 
aluminium salts are added to non-wilted soil, some plants become wilted. When 
Fusarium Strain A is added to the aluminium treated soil, the percentage of wilt 
is increased. Wilt is also produced in plants growing in Knop’s solution to which 
alumiDium salts have been added, but if fungus spores are added to the nutrient 
solution, the plants do not become infected with the fungus, even if they are wilt- 



ing. Plants grown in pots in which the soil is kept water logged become typically 
wilted. But plants grown in healthy soil to ivliich has been added Fusarium, Strain 
A have never produced the typical wilt symptoms ; this fungus has been commonly 
isolated from wilted plants in these Provinces and is considered by Jiwan Singh® 
to be identical with the Fusarium, which, according to Kulkarni^, is the 
cause of cotton wilt in the South Karnatak. Thus we see that, under certain condi- 
tions, all the pathological symptoms of typical wilt can be produced without the 
addition of the fungus, commonly associated with naturally wilted plants, or of its 
toxins. 

Old mature plants in wilted soil show internal signs of wilt ; for example there 
is tyjjical browning of the walls of the xylem cells and plugging of vessels and cells 
with some brown granular substances (Plate VI, fig. 3); there are also formation of 
tyloses in the vessels and excessive starch development, especially in the medullary 


^Shapovalov, M. Ecological aspects of a pathological problem (Western Yello 
Tomatoes). Ecology, Vi, No. 3, pp. 241 — ^259, 1926. 

* Jiwan Singh, Loo. cit. 

® JCulkai'iii, G. S., Loo. cit. 
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i-a,ys (Plato VI, hg. 7); ])ut the ])r(>wiiing of the cell walls and plugging of the lumen 
at‘e very lirmteci and not as niiicli as in wilted plants and that is the reason whv the 
nmture ]haiws do not sliaw any signs of 'wilt. All these internal wilt svmptoms in 
mature plants ma,}’' he found with or without the presence of the fmigiis in the tissues 
Ihe amount oi: fungus, if present, is not much less than in wilting plants. Wilt 
.herd.m,‘e seems to ho premature senility. The young plants are 'aggreontiin^ or 
precipitating in, their tissues tlio same substances as the mature plants, Imt to a 
gi-eater degree.. 

. In Egypt, Pahmyi slso has found that externally healthy plants show typical 
internal wilt (maracteristics, Imt Im does not mention at what stage in the delaloi)- 
meut of tliese healthy plants there is the internal di.scolom-ation, nor does h(‘ sa.v 
to what extent the tissues are discoloured. 

limiying p]a.iits .‘i,iulseedling.s, Fmamm Strain A has never Been found., imh'.^s 
assoraat(‘d either with the intcruai and. external wilt symptoms or with hVi/mc/miu/ 
or Pythmm or PhiUrphihom which have been known to kill plants and seedlim-'s 
without The aid ol tins Fus^rkmi ; biiu it has been, foimd in healthv plants with- 
out being pathogenic to them. 

Wilt has not been found to be the result of meohanical plugging of the xyiem 
vessels by the fimgris that nuiy be foimd wilting plants. The 'umoiint of fmigus 
present m a wilt affec-fiA jilant, as seen in transverse sections bears no relationship 
to the wilting stage of the plant. Sections from a plant showing early signs of wilt 
may shw more or less the same amount of fungus as in those of a badly wilted 
plant. The number of cells in which the fimgus is found is very small compared 
to the number of cells in which there is no trace of the fungus and even wheii the 
T is not alwaj^s completely cholmd. AJrekar and 

Bal, Rosen and others have also noted the scarcity of fungus mvceliiim in the 
tissues of a wilted plant. ■' 

Ro.sen made experiments to find means by wUab the American cotton wilt 
fungus, Fmm’^um vcmnfvetvm induces wilt. He grew the pathogen in nutrient 
inedia, especially Riclianl s solution, and in the filtrate were placei.l seedlimes with 
their roots ciit oft‘. The results obtained liy him itom his staling experiments are. 
more or less identical with those obtained by the ivriter. Besides F'amnum. vasin- 
Jeetum, Rosen had used Fummmi Lycopersieum. and Ftmirkmi TrmMpJdlmn • the 
filtrates from all these throe FmaHa were found to be toxic to cotton plants ' The 
writer has used for his experiments several species of Fuma, PJdzodonia sp 
Mmor sp., AspergUks Mid Pmii(Mmm cotton soils or wdlt 

affected cotton plants ; all of tliem have been found to produce toxins in tlieir 

^iMuny, Loti. (iit. X\'.U, pi). 749 — 767 , 1927 , 

" Ajrokai’ iuul Eal. f.ou, dt. 

'* Iio.son, ,H. .ii. Ellurts to (UiLcrmiiu) Hie moans by wbicli tbe cotton wilt fnufmo ■■ 
jertrnu, induco.s wilting. Jour. Ayr. Jic.-,., XXXIIf, ppf 1143-1162, ^ msi«. 
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filtriitpc?, wMcli are capable of being poisonous to sceclliiigs anti cuttings of cotton 
plants placed ill tbe filtrates. . , 

From bis studies, to Rosen it seems logical to conclude that the pa ^ 
]>b6uomona are due primarily to certain poisonous chemical compounds pro iice 
by the fungiLs”. He came to this “ logical conclusion ”, in spite of the fact tlia e 
has “ not infrequently been unable to ciiiture the fimgus from wilted plants w ic 
possessed discoloured vascular elements, even when stem bases and pieces o tap roo s 
ivere utilized”, and therefore suggests “ that the wilting and internal disco oura 
tion of the xylem in these cases are due to the formation of toxic substances y e 
fungus in the soil”. . i 

To the writer it seems doubtful, if from the staling experiments, this genera con 
elusion can safely be drawn. There would have been perhaps some justification toi 
this conclusion, if Rosen had proved that Fiisarium vasinfectum was confinec on y 
to wilt infected cotton soils and that cotton grown in soils not containing this iingus 
(lid not become wilted, and that in these soils wilt was produced by the intro 
of th(i fimgus. In absence of this evidence Rosen’s conclusion cannot be accep ec . 
In these Provinces wo have seen that (1) there are four species of Fusana iso a ct 
from wilted cotton plants, (2) three of these Fiisana have been isolated irom ^ 
soils, both healthy and “ wilted”, (3) by the addition of these Fusana, from wi ec 
plants and wdt affected soils, to non- wilted soil, wilt is not induced in cotton p an s, 
and (4) all these Fusaria are capable of producing substances which are 
cotton plants, when either seedlings or cuttings are placed in these toxins. I 
fore any toxins or poisonous chemical substances that these Fusaria may be capa e 
of producing will be produced both in healthy and “ wilted ” soils and there ore 
these toxins cannot be said to be the cause of cotton wilt. Again, ^ from the re- 
sults obtained by putting healthy cuttings and rooted plants in certain pure toxins 
to conclude that the wilting of plants growing under natural conditions is due to 
these toxins produced in the soil or in the jdant tissues is to assume that under fie t 
conditions plants have no other substances to absorb accept the toxins m a pure 
form as in laboratory experiments. Another argument against the toxin theory is 
that when the filtrate from the Fusa/riuni Strain A, grown in Richard s solution, 
is injected into healthy plants, it does not produce any toxic effect, though it is 
found to be toxic to cotton cuttings placed in it. t? > 

This “ logical conclusion ” of his does not seem to be now accepted even by Rosen 
himself^, because, in his recent publication, be not only makes no mention o 
this toxic offeot of the fungus on plants, but admits that though he conductet^ 
large numbers of experiments, over a period of about seven years, involving he (. 
and green house tests, he failed, with very few exceptions, to obtain the typica 
field forms of wilt ; he now believes “ that nematodes, wire- worms or other insects, 
lUdzoctonia lesions, water levels which tend to asphyxiate roots, and ot her facdors 

^Eoson, H. E. A consideration of the pathogenioity of the cotton wilt fungus. Fhylopal^i> 
xvm, pp. 4iy— 438, 1929. 


fAEBtTNJl BASTUfe 


6S 


winch tend to destroy or break down root tissues or which inhibit normal root (h- 
veJopment render the plant susceptible to wilt”. 

Fahmy^ has also found that the Fusarium, which he considers to be the cause 
of^the cotton disease in Egypt, produces on modified Richard’s solution a staUna 
substance which was capable of causing cotton seedlings to wilt when they were 
placed inthemtrate of the culture ; and therefore he considers it “ possible that the 
parasite within the host is capable of producing similar staling substances which 
may under certain conditions cause the infected plants to wilt but it may also be 
possible that these ‘‘certain conditions” may be the real cause of wilt and not 
necessarily the staling substances. 

Kulkarni and Mmidlmr.a from their “study of the effect on cotton plants 

oi: solutions in winch Fusarium vasinfechmi Atk., so closely associated with the wilt 
disease of cotton »» in the Bombay Karnatak, have come to the conclusion that the 
“ active factor causing wilt in cotton plants appears to he a chemical compound 
or compoimds occurring in the liquid in which the fimgiis is gi-own They found 
that the toxic substance is fatal even to immune varieties. 

If the toxins, produced by the fungus found in wilt affected cotton plants were 
really responsible for causing the disease, then they should be capable of producing 
the disease when injected into the tissues of healthy cotton plants ; but from our in- 
jection experiments we have seen that the typical field form of wilt could be pro- 
duced in plants injected wdth aluminimn salt solutions, but when the plants were in- 
jected with spore suspensions of the fungus, or with its toxins produced m culture 
media, the plants remained healthy. 

^ From the inoculation experiments made by the author^ and Jiwan Singh<*t 
it is clear that Fusaria isolated from numerous wilted plants, which have been 
described by Jiivan Singh, under normal conditions have not been able 
to infect plants. The inoculations have been done in various ways but 
they have given negative results except when A is introduced 

ill wilted soil to w’hich has been added aluminium salts ; but plants become wilted 
m“non-wilted ” soil as wen when the soil is treated irith these salts alone tliomdi 
the percentap of wilt is less than in the former case. Jiwan Singh has record- 
ed that in 1926 some of the cotton plants in his inoculation experiments were observ- 
ed to be dying ; the fungus inoculated was re-isolated from the underground parts 
of the dying plants, but the microscopic and microcheiuical characters of the dyiiK^ 
plants were totally unlike ^vilt ; and as the upper parts of the plants were attaied 
by Rfmoctoma, he is of opinion that these were not real cases of suceessfni iiiocula- 
tions. The inoculated Fusarium had penetrated the plant tissues after the plant 


^ Falimy, T. Loc. cit. XVII, pp. 740—767, 1927. 
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Daatur, J. JF. toe. cit. 

« JiwaE Singh. Loe. cit. 
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was Tvoakoiied bj an attack of Blihodonia. This condiii-doii of .his is streoiftli- 

oncd by tbe fact that some of the control pliuits were also similarly affected aji<l this 
particular Fusurium. was also isolated from the snbte.iTa.nian jjarts of the iininocLiiat-- 
ed but dying plants and Rhizodonia from the upper jjarts i.)j‘ (he stem. tSimllar 
re.sidts were obtained hy the Avriter as well, Avhen the iisoculum wil h a, iargc: e.rnounf 
of the nutrient medium, on which it was cultivated, was mixed Avith soil 4)r sa,iid 
in small pots of one gallon capacity, practically all the seedlings growing in the. in- 
oculatfal soil Avere tliseased, AAdiereas those groAving in the inociilafed sand AVt-re. 
healthy. Most of the diseased seedlings had developed a wet rot and iJie 
r<imaining showed signs of seedling l)light, . a, used by 'Rlrhodmiia. If tiu‘ 
seedlings in the early stage of disease were extei-nallv sterilized a.nd 
incubated, Phycomycetus fungi, like Pyilmm and Phyiopuliora. were 
isolated from tlioso that showed a, wet rot and Mkodoiiia .from tlie rema.iuiny. 
The iiioculated Fusarimi was also isolated along wiih these fungi from sonui of 
these seedlings. But the Fusamim aloin^ was isolated only from tliosr. dist'ased 
plants which were in a very atlvanced stage of deea.y or rot it is tliereforc not' .jm- 
pro])able that this Fnsanm)i got into the tissues of the seedlings idtcr tliey were 
attacketl by the other fungi a,nd overran tliem, AAdieii tlu^ se,odbn</s were ” badly 
rotted. This suggestion is streiigtlumed by the fa.ct that in tlie control pots eontain- 
ing the uninoculatcd soils there were also a few cases of simila.r]v diseased f)]a.nts 
from which Pythiuin, Pkjtofhlhora and Rhizodonia were isolated ; Fusurimn 
Strain A also was obtained from these diseased plants along w.ith the other fumn' 
but the J’MsariwM alone Avas olttained Asdicn the seedlings wore, in a very advanced 
stage of decay. 

These experiments clearly show tlui danger of jumping to t,h.e concliision that 
the inoculatioiis have been successful bocamsc .some of tiie iiiocii]at(.!d ]>hints are 
dead or dying and the fungus iiiocnlated lias been re-isolat(‘d iro.m njcm. ' 

Butler^ attempted to isolate the causal fungus from live Avilted ])laiits “ in an 
early stage of the disease ” which he collected from a, field at Matargaon vil]a<m in the 
Berars. From these five plants he got in c.ultm.-es fungi onl}- frorn three ; the other 
tAVO remained sterile. Of these tliree fungi, tavo were found to })e. idcmtical 
rimn sp. and the other was not identified, because it remained .sterile. Tlmswc see 
that Butler also has found that in Avilted plants, at least in an. ea,rly sta<.e of the 
disease ”, a fungus is not invariably present and second])', when present It is not 
alAvays the same. Tlie.se findings of his Avonld throw doul.t on the fmems theory 
of wilt. In his mooiilation experiments he got a few dving niants^-niants Avdiich 
“ died 111 the manner characteristic of Fusanum wiW\ As already imuitioned 
cotton wilt has certain definite macroscopic and microscopic symptom.s wliidi ‘i,re 
invariably found m the Avilt affected plants ; but these symi)to.ins ar<, not ehu,r-icter 
istic of all Fusamim wilts, such as the pigeon -pea Avilt, til Avilt,, tohaeeo wilt, tomato 
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mli . rtc , aiir! 1 : 1 , ojvforo Butler’s statement, that plants died in the mnunor “eharaetcr- 
IM.,., ol ,v/,;rt mlt.- IS vaHuo and does not necessaiilv mean that the dviiia plants 
s ,«™l „y,,.em e.n.ton ,vdt symptoms. He examined microseopieali; saL of 
tli,> iMoeuaned ,ly„„a plants „,kI found in them fungiB hyplm. and inuumei'al,!,. 
ooniiha. He does iiot i-ecoi'd the presence of disooloiu-od wa,lhi of xvlem cells and 
ae piugamg 01 tiieir lumen mth a (jramilar brown substance ; a careful observer 
hte butler, wouul not nave mi.s.sed seeing these characteristics if thev were pro, sent 
an,, tberefore tne supposition is permissible that there w^as no browning of the 
^issue.s, uno that the xylem veasels and cells were normal except for the presence of 

a deii«, matted growth ol hyplue. but we have already soon the mere pneseiice 
ol the imgus <Io,» not prove its parasitism. Though he foiled to get rinm. 
born .ill will, .aftcctal plants and ho got only a low percentage of deaths from wilt 
111 the inoculated plants, still he believes his experiments “show that the disen.se 
1.3 caused ’’ which he admits is “ capable of pathogenic action under 

cerlnuyionddions- . The caprieious results of his inoculations' he attrilnitos to 
tiio act, 01, o ■ some factor ivhieh aids or hinders infection by the fungi ", hut this 
laetor aueording to him “ cannot he a soil one because of the fact that onlv one 
hatch o, sod was used in his experimeiife ; but if he used onlv one batch of soil he 
also used imly one ^ batch ’’ of the suppo.scd pathogemc material. His conclusions 
able'^^ the soil factor non-existent are imten- 

Elliot' has found that even small (imantities of the uniuooulated nutrient 
medium, such as corn meal or cotton seed meal, make such a favourable medium 
lor fungus and oactenal growth that plants in both the control pote and thase in- 
ooulatocl ™th ?. were Idlled by almost any organism which chanced 

to inlett the me^ Butler for his experiments used suspensions in distilled water 
o the funps These suspensions would carry with them stray small quantities 
o the nuteem. medium. Plants kaving their roots in close contact with the particles 
of the medium on which would he growing not only the mooidating material but 

SbdL “iT"''- unfavourably, the plant may 

be killed and i'usmwi, liyphie may penetrate the weakened tissues. This may 

account lor Butler s re, suits wliicli lie admits were capricious. 

^Kulkami^ has recently brought forward evidence to prove the parasitic 
nature of the 1 umrimn isolated from wilted cotton plants in the Bombay Karnatak • 
however, heis ol opnijon. that the “merely partial success of the parasitic fungus 
m lalling plants siiggests tha,t some other condition is necessary to enable the para- 
site to attack and destroy cotton”. 

Byery wilt affected pi'a^nt, whatever be its age or the stage of the development 
Ox the disease, invariably has the walls of some parts of the xylem tissues dis- 
coloured yellow or brow n or black, and, unless the disease has just commenced, some 


’ rjjiiot, j. A. 

" Knlkarni. G. 
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of tlie Kvlem vessels and cells are blocked with some dark coloured granular sub- 
stance. Fungus liyphae, if present, are not necessarily found in these discoloured 
tissues and the tissues in which the fungus is present are not necessarily discoloured. 
These discoloured tissues are invariably stained blue with log-wood aud aniinoniiim 
carbonate, and beautiful red or pink with Alizarin or Brazilin. Holler and Can-i 
used the log-wood test for detecting inicrocliemically aluminium in plant tissue.s. 
According to Tumnann,^ the salts of this metal in jdant tissues turn red with 
Alizarin or Brazilin. Since these reactions are exactly identical with those ob- 
tained when tissues of naturally united cotton plants are similarly treated ; 
since these stains have no action on healthy tissues or tissues attacked by RUzoctonia 
or Phytophtfiora ; since typical internal and externa] wilt symptoms are reproduced 
w'hen plants are grown in a healthy soil to w^hich aluminium salts have been added 
or when healthy plants growdng in a healthy soil are injected, either through petioles, 
twigs or roots, with solutions of aluminium salts ; and since the tissues of these artifi- 
cially wilt afiected plants also give the typical reactions with the reagents mention- 
ed above, it may be assumed that aluminium salts are present in the tissues of 
the wilt affected plants and cause blocking of the lumen of vessels and cells. When 
it is suggested that aluminium salts are accumulated in the vessels and cells of the 
xylem tissues, it does not necessarily imply that there is an increase in the total con- 
tents of the ions of the metal. The accumulation in cell lumen may be due to a 
chemical change taking place in the solution after it has entered the coll. How'- 
ever, the ash analysis* of wilted and healthy cotton plants, variety AK2 (Table ‘XI), 
shows a considerable increase of alumina in wilted plants. 

Table XI. 



% of 
Alumina 

% of 

Iron oxide 

leavas of healthy plants . . . . 

. . . . 0*49 

0*022 

Leaves of wilted plants ..... 

0*964 

0*0272 

Stems of healthjf plants ...... 

0*0864 

0*0056 

(Stems of wilted planta ..... 

0*1786 

0*0054 


Because Hartwell and Bember®, Hoffer and Carr^ and others liave showm 
that aiimiiiiium concentration causes a diseased condition of crops, such as 

* These results were iweiitly supplied by .Mr. A. K. P. Aiyer, Agricult ui'al Cheuii.st to Goviii'anieiib, 
Oiutral Provinces, to whom I am indebted for ana]3’siHg cotton plants for mo. 

^ Hoffer, G. N., aud Carr, R. H. Accumulation of aluminium and iron compounds in corn jjlant.s 
and its probable relation to rootrots. Jour. Agri. Bes., XXIII, pp. 801 — 828, 1028. 

^Timrnaiiu, 0. PUanzcnmikrochomie, ] 013. 

® Hai'twoll, B. L., and Pember, P. Pv. Tho presence of aluminium as a reason for the rtiiToreiiee 
in the effect of the so-called acid soil on barley and rye. Bgil. VI, irp. 250 — 279, 1918. 

* Hoilor, G. and Carr, R. H. Lqc. cit;. 
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e»pt could be saved from the torio effects of aluminium eoncentratimi in 
the soil by treating it with heavy doses of superphosphate and Le bJ> 
assiimes that the cotton soils of the Central Provinces and Berat, ’behiv 
alLiImo, cannot exhibit alnmimum toxicity. But Magistad^ has adduced eoii- 
sidwable evidence to prove that highly alkaUne soils may also exhibit aluminium 
toxicity because their soil solutions may contain an appreciable concentration 
of atammate ion (A102 or AIDS). If Magistad’s results Ji be relied “hen 

wiirafled'iTionf otTv fJdibon of lime and superphosphate to the allmlino 

lift!" r ^ mfliienoe on cotton wilt, (2) 

of itae ™ fS^Tei' “““ “Mition 

Be faVT c ^ C ™ “■'1 « '■■'Wed to it. Because 

Bal failed to get even traces of soluble aluminium from “ some water extracts from 

tedue'r r ” produdng soils ”, tlierefore he assumes that cotton wilt cannot 
sorW onIvTre T?" ^^ments are ab- 

Cnml,., 3 'i I* '■'■W*!'™ as Simple ion.s, which view has been exploded by 
Comber ^, who has produced evidence to show that “ matter in a state of higrcd- 

« * ^,*^ *• '■“‘“P’® oo-ordmated metal anions may readily penetrate 

and suffer translocation”; among the mobile complex metilic aniL HaX 
mentions aliimino-oxalate ion A1 • rii <tmons, jna,ray 

ber5 ririrl V? ' -^04)3, and ions of ferro compounds. Com- 

ei and Reed and Haas« have shown that iron and aluminium may apparenijv 

L kes ?r MZn! "P PWnt roots" Cy 

makes the follovv^ing statement, " perhaps the formation of this type fm/ 

rfcTin Wmninium from so'i 

?® r * ’ T" pr»e of excessive calcinm 

cartonate confers neutral or alkaline reaction on the soil”. We have seen tZ 

mes .uch as oil cake and farm yard manure, produce wilt in cotton plants. 
Jhese results are consonant with the statement made by Hardy. Fuither^t an- 

eemhiTei 1 ® ““P'-- ^ ahimM, “n Jh 

theielore the orgamo acids that commonly occur in soil peptise .alumina and 


1020 . 


Bal, i). V. Colton wilt in Central Provinces and Berai^«r. ImUfiTlloL 8oc.,Y, 


pp- 117—120, 


to ScIl'sI’ “'’ prisl^Ss l-fS ““ aed 

"■ »f mineral "itni food. Agn. Sc., XO. pp. 3(B-Sr,o, 

in nnil infertility and toxielO.v. Vo.,. ,Sfe. XVI, pp. 610 

Comber, N. M. Loo cit. 

290— 20o!’l!)24f “ a nutrient medium. Bot. Guz., LXXVII, pp. 
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hytJrous ferric oxide, so that the metals are render eil susee|>f.ib],*, of a]}sor]>ti<tfi by 
roots. Jones Mias shown that the translocation <(i‘ a luniiiia, a, ini ir<a! within the 
plant body ajipears to ’ne confiiie<l mainly to orftam) nieiaJlic {-.mqiounfls and to 
coini)h?x metairm anions. HoiSer and t'arr - imve found iliat rh('SO inotaliic. 
anions nre deposited at special tissue nylons, such us ilic jaabd pla.tes of niaiz(.‘. 
McGeora-e'*^ has found similar depositloii on the nodal phd.cn of suyarcam;. In 
wilt(‘d cotton plants pluggijig of c.eli lumen is more marked at the nodes of sfnms 
and at the junction of the laterals with the ta]) root (Hate Vi, ligs. 9 L 10). Hardy'^ 
siciye.sts that the excessive accimiuhitioji oi' complex and metallic ions in sj>e- 
fial tissue ri'gions lead to tissue disintegration a,ud ina,y pr('dispose the plaiits to 
root-rots : it is not iniprohahlc that th<3 accnmulatit ns, whidi ha.ve been invarialdy 
found in wilt alTeeted cotton plants, prtalisposti them to root-rots, and F'umria-— 
one speders particularly more than others — pemitrafce Midr tissues. 

Bal'* points out that even if a,n excess of uiuniinium salts oc.eur in wilte.d 
plauls, this may simply ]»e due to disturbama* of tin; ph\'sioj()uical pr<wess(.‘S ca.iis«*d 
])V th('. fungus”. This argimieut of his would liave soiiu' force if in willed pla.nts 
the fungus was invariably present or uiuuievt'r the fungus was found in the plants 
there was this ‘‘ disturbaju-e of tin; }ihysio]ogical [U‘oce.sses’‘, but wi* know that the 
fungus is not always present in wilt alTeeted j>lants and iji luadihy plani.s this fungus 
has ])oen foiuul without causing a “ disturljance of ilie physiological processes”. 
Again this “ disturbance of the physio](^gical ju’oeesses ” has ]»ooii known to be 
checked if a plant in the very early stage of wilt attack is transplanted from the 
wait ahected soil to h(‘althy soil, and this ‘‘ distui-lnince ” is chi'cked even in the 
presence of tlie i'lmgus which has been found to be viable in the tissues of the plant, 
waicks after it wars trans])la.nted. 

The results obtalued from the experiimjiits in •which sick ” .soil waa.s mix© I 
with healthy .soil in varring propoftion.s may perhaps point towa,rds the para.sitio 
nature of cotton wilt, although the ijicidence of the disease was approximately 
proportionate to the tpiantity of the rvilted soil. Johnson, 81agg and Mnrwin® 
liave had similar results, when w'orkiiig with the root-rot of , tobacco. On the 
other hand, the results of iho so.v eral parallel series in which the two soils were not 
mixed together but w’cre eitlier in layers, one above the other, or in contact with 
each other through large drain holes of the small eartlien pots embechled in. bigger 
pots, seem inexplicable on a parasitic basis. These oxpcM'imeiits show that when 
root.s of ]dants growing in wiltefl ” soil penetrate healtliy soil and from which 
they draw most of their nourishment, they are le.ss liable to wilt ; whereas, 
w .eu the plants ]3ut forth roots from, healthy soil into ^ wilted ” soil, they 

^Jciiuis, H- W. The distrihutioii of inorganic iron in pknt and aniinal l.iasues. Binr.h. Jour., 
XIV, pp, Oiii— ()59, 1920. 

2 Hofl'er, G. M. and Carr, R. 11. Loe. eit. 

« McCeurge, W. T. The induouce of alununium, mangatie.se and iron .sii.lt.s on iiie growth of sugar 
caned and their relations to the infertility of acid island .soils. Hawaiian Hanar Platithj istoc Ball 
49, pp. 1-^95, 1923. 

‘Hardy, F. Loo. cit. ^ JBal, H. V. Loc. cit. 

® Johnson, J., Slagg, C. M., and Murwin, 11. F, Loc. eit. 
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th. p ante » the.e small pots had wUted and. further, ptote in p!S tntaTls 
taSo tr‘‘t?t ,“> n * w ’ f' 'rilted after theirLote had penf 

in p'lrts wilt ‘iftVpt 1 f ?r ’r certain fields may he, wholly or 

heaMvVJds f not necessarily spread to the smiomiLg 

S nit V ^ “ the same field 

ha aim ^ t ir “f “<5 *!>» ™M«n series ,S Aiola show that jmm 

ha some oontrollmg eflect on wilt. Cotton growing in wilted soU in which IZr 

Phitef rT T f ydth jomr is not much susceptible to wilt. 

Plants have developed typical wilt when growing in healthy soil wLh has been 

tU iunauf k »•* “jnnted with aluminium salt solutions. At first 

the fungus, Fusanum btram A, is not to be found in plants wilting as a result of 
sia tin fungus is found in the tissues if injected plants are left ’in the 

Tt tbeTZ, 1 ;• “P^^nnts show that wilt can be induced in plants with- 

wMrf nW 1 the fungus, and secondly that the fungus usually found in 

u 1 f I* “ true that, by the addition 

is oCateri *”'?! t “‘‘*'*!'‘ted with aluminium salts, a higher percentage of wilt 
sod^km^' '® then in the un-inocnlated 

a totimv re^7“^ offering for aluminium toxicity. Buri, 

a toh^y resistant variety, was not susceptible to alumininm toxicity from the soil 

of ti?ett:Mr''T “*t ® 'J^teeted in the cell contents 

dL* f t? u sections from plants grown in soil containing a higher 

brt ite noLt 1 “ “s tissues, 

but Its normal physiological functions were not disturbed bv them In the case 

forb froTtr It experimonts show that Bm-i may ab^ 

Tte Te! 7 ^ physiological processes are not distmbed 

M m the case of susceptible varieties , but when high concentrations of the nitrate 

■* behaves similarly to susceptible varieties. 

tho^^oTwi1t^”^“r tT'T find support in the development of wilt in 

the ^ non-wilt afiected soil m whioli were mixed cuttings of dry wilted cotton 
plants of the previous season. But soil in which healthy coW plant cuttings were 

Zs?n “ *e former case. 

A^am when single pieces of diseased stems, in which Fumnum Strain A was found to 

be viable, were put m the soil in contact with the seed at the time of sowing, there 
were no oases of wilt. Pieces of healthy cotton stems of the previous .season were 
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used as a mediiiro. for growing Fusa/i'iwn Strain A and wlion these pieces with a 
iiisurious growth of the fungus ,on them were mixed with the soil, similarly as wilt 
affected cotton stems were mixed, there were only a few cases of wilt as in the case 
of the soil mixed with healthy stems. , Therefore the incidence of wilt cannot be 
explained solely on the basis of the use of infected stems. Johiisoii, Slagg and 
Miirwin^ have, also found that by mixing diseased tobacco stems in healthy soil, 
tobacco plants grown in this soil become infected. 

Summary. 

1. A description of cotton wilt in the Central Provinces and Berar is given. The 

microscopic, macroscopic and microchemical characters are very significant 
in identifying the disease, and distinguishing it from seedling blight, caused 
by Rlhkoctonia, which is a very common and serious disease of seedlings. 

2. It is shown that wdlt affected plants have the same internal symptoms as the 

matme healthy plants growing in diseased soil. 

3. Fusarmm hyphm are not necessarily always found in wilt affected plants, but 

have been found at ti m es even in healthy plants. 

4. There are some important points of differences between the cotto,n. wilt under 

study and the American and Egyptian wilts. 

5. Application of lime to infected soils has had no immediate or residual efliect 

on the incidence of the disease. 

6. Superphosphate seems to have some residual effect on the disease when applied 

to wilt affected soil. 

7. Uspulun-— dry or wet— when applied in large quantities to wilt affected soil, 

controls the incidence of wilt, but in small quantities it has no effect. 

8. The incidence of wilt is influenced either by the relative positions of wilt affected 

and healthy soils in layers in a pot or by the proportion of wilt affected soil 
mixed with healthy soil. 

9. It seems that the size of pots containing wilted soil in which plants are grown 

has some influence on the incidence of wilt. 

10. Ftisarium Strain A, commonly found in wilted plants, is present both in “ wilt- 

ed ” and healthy soils in these Provinces. 

11. Inoculation experiments have shown that this fungus is not parasitic. 

12. Plants grown in healthy soil which is mixed with short lengths of stems of 

wilted cotton plants of the previous season become wilted, but this disease 
is also produced in plants, though to a much less extent, when the soil 
is mixed with healthy stems instead of diseased stems. 

13. In healthy soil which is mixed with healthy cotton stems of the previous season 

and on which is cultured Fusarium Strain A, plants do not develop more 
wilt than in healthy soil mixed with uninoculated healthy cotton stems. 

14. When single pieces of wilted cotton stems are planted in healthy soil along 

with each seed, there are no oases of wilt. 

^ Johnson, J., Slagg, 0. M., and Murwin, H, F. Loo. cit. 
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m. Wilt can be developed in a Wealthy soil by non-pathogenic agencies, sucli as by 
treating it with heavy doses of organic manure or lime or with salts of alii- 
mnitim, or by keeping the soil water-logged. 

16. Typioa! wilt symptoms, macroscopic, microscopic and microchemical, can, be 

produced m healthy plants gi-owing in a “ non-wiited ” soil by injecting titem 
with aiuininium salt solutions ; Fusarium Strain A was fomid in those'^of the 
^ a longtime after they had wlltecL 

17. Wilt is not induced m plants injected with water containing spores of 

Strain A, or with filtrates of Fusarium Strain A, cultivated on Richard^s 
solution. 

18. Plants grown in a wilt affected soil, dry sterilized at 150°C. or 140°C.., remain 

free from wilt, but if grown in » -mlted” soil sterilized at 120^0. thev are 
liable to wilt infection. 

19. Joioar (Sorglmm) seems to have some influence in controllino’ wilt 

20. Seedlinga in very early stages of wilt infection, if transplante°d to healthy soil, 

develop into healthy mature plants, though Fmarium Strain A has been 
found to be viable in these mature plants. 

21. Plants grown in Knop’s solution become wilt affected if aluminium salts 

are added to the solution, but remain healthy if only spores of Fusarium 
Strain A are added to it. 

22. Stali^ e.vperimento have shown that cotton plants are susceptible to the torio 

effects of several Fusaria and other fungi. 

23. It IS suggested that aluminium salts are present in tissues of wilt affected plants 

and wholly or partially fill the cell lumen. * 


I 




illy wilt affected plant. 
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PLATE III. 




Fig. I . Cotton plants varieties AK;. and AK.i — grown in half fKnop’s solution. 


Fig. 2. Cotton plants— varieties AK^ and AKi— grown in equal parts of Knop s solution and N/900 



Fig. 1. Cotton plants— varieties AK. and AK 4 — grown in equal parts of Knop’s solution and N/600 
aluminium nitrate. 
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PLATE V!. 


Fig. 1 . Transverse section of a young healthy cotton plant, stained with iodine. .'■< 180. 

Fig. 2. Transverse section of a naturally wilted plant. X 180. 

Fig. 3. Transver.se section of a healthy plant at the end of the season. Note the partial or contpicte clogging of a 
few of the vessels. X 180. 

Fig. 4. Transverse section of a plant wilting as a result of injection with ahiminiiun nitrate, >: 90 , 

Fig. 5, Transverse section of a wilting plant showing tyloses. X 370. 

Figs. 6-8. Transverse sections of plants stained with iodine showing the presence of starcli grains in meduilary rays 
and in some xylem cells. X 370. Cf . Fig. i . 

Fig, 6. Naturally wilted plant. 

Fig. 7. Healthy plant at the end of the season. 

Fig. 8. Plant wilting as a result of injection with aluminium nitrate. 

Fig. 9. Longitudinal section through a node of a wilting plant showing an aggregation of diseased cells. X 50. 

Fig. i 0. A transverse section of a root of a wilting plant through the point where a rootlet arises. Note the collection 
of diseased cells, x; 50. 

Fig. 1 i. Longitudinal section of a naturally wilted plant showing clogging of ves';e!ss, 180. 

Figs. i2-!3. Transverse sections of_a wilted plant and a healthy plant at the end of the .season respectively showing 
presence of hyphfe in normal vessels, x 370. 
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BTUDJES ]N INHJiRITANCE IN COTTON* 

BY 

MOHAMMAD AFZAL, B.Sci. (Agri.), A.LC.T.A., 

Senior Research Assistant, GoUon Research Labaratori/, Lyallfur, 

(Received for publication on Xlth May 1929.) 

ISTTRODUCTOEY. 

TMs paper deals with the history of a cross between Q. cemuum and Burma 
Silky cotton, the latter being identified as G. indicum Gammie by Stock. ^ The 
work was carried out during the writer’s residence at the Imperial College of Tropical 
Agriculture, Trinidad, and covers the history of the cross to the third generation. 
The mode of inheritance of the following characters was worked out : 

1. Leaf characters. 

(а) Leaf shape, 

(i) Leaf factor. 

(ii) Leaf-lobe index. 

(iii) Index of lowest sinus-breadth. 

(б) Length of petiole. 

2. Flower characters. ■ 

(а) Shape of bracts. 

(i) Length of bracts. / "''“'A:’* 

(ii) Breadth of bracts. fi^ 

(б) CoroUa length. |S uBRARY. 

3. Boll characters. 

(a) Length of bolls. J 3, 

(b) Width of bolls. ' 

4. Lint and seed characters. 

(а) Length of lint. 

(б) Seed index. 

(c) Lint index. 

Though some of the characters were inherited in a simple manner, yet it was 
foimd that a very large number of them were very complicated. The frequency 

* Accepted as a thesis for the Associateship of the Imperial College of Tropical Agricplture, Trinidad. 

^ Stock, T.D. (1927) The Indigenous Cotton Types of Burma. Mem. Dept. Agri. Indin, BoL Ser., 

Voi. XIV, Wo. 5. 
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BY 

MBHAMMAD AFZAL, B.Sc. (Agri.), A.I.C.TA., 
tSsnioi licsGUTch A.ssistG,nt^ Gottoii JRiGsgclvoIi LttboTGioi'y , LyaMpuf. 
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Introductory. 

This paper deals with the history of a cross between G. cernuum and Burma 
Silky cotton, the latter being identified as G. indicum Gammie by Stock. ^ The 
work was carried out during the writer’s residence at the Imperial College of Tropical 
Agriculture, Trinidad, and covers the history of the cross to the tliird generation. 
The mode of inheritance of the following characters was worked out • 

1. Leaf characters. 

(a) Leaf shape. 

(i) Leaf factor. 

(ii) Leaf-lobe index. 

(iii) Index of lowest sinus-1 

(b) Length of petiole. 

2. Mower characters. 

(а) Shape of bracts. 

(i) Length of bracts. 

(.ii) Breadth of bracts. 

(б) Corolla length. 

3. Boll characters. 

(a) Length of bolls. 

(b) Width of bolls. 

4-. Lint and seed characters, 

{a) Length of lint. 

(6) Seed index. 

(c) Lint index. 



Though some of the characters were inherited in a simple manner, yet it was 
foimd that a very large number of them were very complicated. The frequency 


* Accepted as a thesis for the Associateslup of the Imperial College of Tropical Agriculture, Trinidfo. 
1 Stock, T, D. (1927) The Indigenous Cotton Types of Burma. Mem. Ihpt. Agri. Jndin., Hot. 8er., 
Vol. XIV, No. 5. 
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Observed . 
Calculated (3:1) 


STUDIES IN INHIMTANOE IN GOTTOM 


carves for these characters were of the usual typ obtained in the analysis ot quanti- 
tative characters. A study of further generations might, possibly, have helped in 
their elucidation. 

Wherever it was posdble, ten measurements tvere taken for every character 
Oil each plant, but in no case rvere less than five measurements for each character 
taken. In the measurements of the leaves those borne directly on the nuiin stein 
were taken, and in the case of boUs, measurements were confined to three-celled 
bolls for the sake of uniformity. Kottur has found that in Kumpta cotton the 
size of bolls varies with the type of branch on which they are borne. Patel, on the 
other hand, found no such difference in a strain of Broach Deshi cotton. The writer, 
however, measured the bolls borne on the primary sympodia only. 

As will be noted in the sequel, the results of the Fg generation are rather vitiated 
on account of the small number of plants in some of the families, but inspite of this, 
the general features of the tables are fairly clear. 

1. Leap chakactebs. 

(a) Leaf shape. 

Interest in the mode of inheritance of leaf shape has been centered ever since 
the beginning of genetic experiments. The work so far done has extended over 
several genera and the following are only a few outstanding examples : — 

Bateson^ has quoted de Vries’ experiments on Chelinod/ium where he found 
that laoiniated type was recessive to the normal type of leaf. 

Very recently Heijl and Uittien'*^ confirmed de Vries’ results and stated that the 
leaf form “ deeply cut, often shortened and then digitate ” is recessive to normal. 

Shuli^ carried out extensive work on the four different biotypes or elementary 
species of Basra bursa-pasloris which he had himself isolated previously. He 
identified two genes, one which caused the elongation of the primary lobes and 
the other which caused the extension of the sinuses to the rachis and the presence 
of romided secondary lobes in the distal axils of the primary lobes. He found 
that these two genes were independently inherited giving a 9 : 3 : 3 : 1 ratio in 
the F 2 . 

Peat^ crossed two strains of Ricinus commimis and found that the normal form 
of leaf was partially dominant to the deeply laoiniated form. He gives the following 
Fg figures 


Laciiiiatod leaf 
126 
122-5 


1 Bateson, ’Wi. (1009) MauM's Fnmiplt^ tjf Ilerediti/. Oiira. Uni. .Pressi. 

“HeijI, M. W., and Uittieu, H. (1926) Genetmi, Deal VUIl All. 3, cn. 4. 

"Shull, G.H. (1909) Carncijic hist., WashiwjlQn, Pub. No. 112. 

H’eat, J. E. (1026) Cieuetic Studies in L. Inqi. Coil, Trop. Agri. Library, 
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Se^ therefoie, came to tlie coEclusion that, the tom of the leaf was controlled 
by a single pair of aileiomorpliic characters. 

In cotton the work on the inheritance of leaf shape has been very esteiisi?e. 
The laoiniated forms of cotton are found in both the^Hew and the Old World groups 
and the origin of these forms has been^a subject of much speculation. Some deeply 
iaoiniated forms have been dehniteiy known to be mutations from the original 
stock of nomal-kaved cottons. G, Schottii Watt is a wild or semi- wild form v/itli 
deeply laciniated leaves occuiTing in Mexico,^ and a laciniated type — ‘Okra cotton’-— 
has originated spontaneously in commercial Upland varieties such m Acaia, Occa- 
sional plants with deeply laciniated leaves have been met with in very isolated 
localities in the West Indiaii Ishmds such as Cassava type and Jamaica Xerophytic. 
Tins would also favour the view of their being true mutatiom„ 

The following is a brief resume of the literature on the inheritance of leaf shape 
in cotton. 

Fyson^ was among the first to report his results of a cross between G. neglectmi 
(narrow-lobed) and G. herbaoeum (broad-lobed). The Fj of^this cross was narrow- 
iobed. From a study of the subseq^^uent generations Fyson came^^to the^conclusion 
that the narrow-iobed form of leaf was a simple dominant to the broad-lobed. 

Leake'b'^ devised a coefficient to represent the shape of the leaf which he called 
the leaf factor. He found that the pure strains fell into two groups, viz,, broad- 
lobed with leaf factor less than two and narrow-lobed with leaf factor greater than 
three. When these i)ure tyi3es were crossed the leaf factor of the F^ was the arith- 
metic mean of the two parental types. The F 2 gave a trhnodal distribution of the 
leaf factor and a close approximation to a 1 : 2 ; 1 ratio, thus showing that the 
leaf factor was inherited as a simple Meudelian character. The parental forms 
extracted from the F^ (with leaf factor less than two or greater than three) continued 
to breed true *in the subsequent generations, while the hetero^ygotes (with leaf 
factor greater than two but less than three) continued to spht in the normal wa)'. 

Kottur ® in his studies of the leaf shape in a cross of G. herbmeum (Dharwar I\'o. 1 ) 
and G, negleatum {rosea) raised some doubt as to the simple character of the leaf 
factor, and showed that the length and the breadth of the middle lobe were inherited 
independently of each other. In the Fg he obtained the following poiportion of 
the different types of leaves : — 

Long iji'(.)a.(.l.-lob6d leaves ......... 

Long narrow -lobed leave , 3 

yhui'l, broad-lobed leaves ......... t-l 

Mliort narrow-lobed loaA'es . . . . . . . . 1-0 


^ VVaA.l/, tSir Leorgo. (1907) Wild and evUivakd c<dton plunts o/tfic World. 

“It’yRou, L. i'’, (1,908.) Home Exireriments in tbo Hybridizing of ludian Cottons. Mem. Depk 
Aijri. .India, .liot. Her., Vol. 11, Ho. 0. 

l.eukc, il. Al. (i(»ll) JoMf. O'eaelirs, Vol. l,Ho. 3. 

LLoako, 11. JM. (1911) Pw. .1%, Soc, i>\ ,S'cr., Vol S3. 

’’ Kotlnr, (5. L. (1923) (Studies in Inheritance in Cotton, I. Hiatory of a eroaa betweeu 6'. /let- 
iuceitm and O', nculcclim. Mem. Dept. Agri. India, Boi. Ber., Vol. XIX, Ho. 3. 
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Skoemaker^ crossed two Upland types of cotton, one. the “ Okra ” iimtant with 
deep cut narrow-lobed leaves and the other with normal leaves, and obtained an 
intermediate, leaf shape in the and a close approximation to a 1 : 2 : 1 ratio 
in the Eg. 

McLendon'** crossed Sea Island with Upland and classified the Fg by inspection 
only. He also got a close approximation to a 1 : 2 ; 1 ratio in the Fg. 

Balls^ in his Upland-Egyjptian crosses used the expression S/L to indicate the 
extent of laeiniation, S being the distance of the upper simis from the petiole and 
L the length of the midrib. He found that the deeply laoiniated form was domi- 
nant in the Fj. The segregation in the Fg, however, did not conform to any definite 
ratio. 

Kearney^ in his Holdon-Pima cross nsed the same expression as Balls to indicate 
the depth of laeiniation and foimd that the deeply laoiniated form was dominant 
in the Fj. The Fg, however, failed to show any regular segregation. 

Peebles and .Kearney ® crossed two strains of Aoala cotton ; one with normal 
leaves and the other with “ Okra-leaves.’ The F^ was intermediate in leaf shape 
and the Fg gave a very close approximation to a 1 : 2 : 1 ratio. The authors 
point out that the segregation was very clear cut and the three forms were readily 
recognizable in the field. 

In the present cross the writer studied the inheritance of leaf shape according 
to the following three modes of determination : — 


(i) Leaf factor 


a—h 


(ii) Iieaf-lobe index .... 
Note. — B alls and Kearney have used the expiussion- 

(iii) Index of lowest sinus-breadtk 
(Kg. 1). 


but the writer has used the converse. 

* a 
d 


(i) Leaf factor. The results obtained by the writer are in full accord with those 
Leake. The leaf factor of the broad-lobed parent (Bimma Silky) was less than 
two and that of the narrow-lohed parent {G. cernuum) greater than three. It is 
to be regretted, however, that the frequency array of the leaf factors of the Fj 
plants is not available, as the number of these plants was limited ; but it was noted 
that the leaf factor of those grown was, in each case, greater than two but less than 
three. Great divergence in the leaf factors of the Fg plants was obtained and the 
array is given in Table I. 


Vol, y. Quoted by Kearney. 
99. Quoted by Kearney, 
[acmillan & Go., London. 
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Tills fxe'qttency ciU've could obviously be dissected into three classes. There 
is no real point of division, however, between the two higher classes and the curve 
shows that these overlap. This division is, therefore, to some extent arbitrary 
though useful as an indication of the real state of affaics. An analysis of the figures 
in Table I gives the following results — 


Table II. 



Narrow-lobed 
(Cernuum type) 

Intermediate 

type 

Broad-iobed 
(Indicum type) 

Observed ...... 

44 

80 

39 

Calculated (1 ; 2 ; 1 ratio) 

41 

82 

41 


JSIOTH. Ill analysing the data presented in Table I, the figures of the *' minimum frequency classes ’ ’ 
have been excluded from the calculations as pointed out by Hoshinoi. This procedure has been followed 
in ail the analyses of the figures presented in the jiresent paper. 


It will be seen from Table 11 that the observed figures agree very closely with 
the calculated and thus fall in line with Leake’s hypothesis. 

The results of the Eg generation are presented in Table III. 


Table III. 


Family 

No. 

(Ea) 

Parental 

value 

(Ea) 

FiUSQTONCY AKRAYS OI- LBAli' FACTORS OIT F3 FAMILIES 

1-4 

1-7 

2-0 

2*3 

2-0 

2-9 

3*2 

3-5 

3'8 

Mean 

1-4 . 

1-5 

4 

27 

7 







1-7 

2-5 . 

2-0 




2 

1 





2-4 

2-0 

2-0 

6 

0 

5 

16 

14 

4 




2-2 

M) . 

2*1 


2 



3 

2 




2*4 

2-4 . 

2-1 


1 


7 

3 





2*3 

2-2 

2-2 



3 

3 

2 

1 




2*3 

1-7 . 

2-4 


5 

] 

2 

4 

3 

4 



2*5 

2-1 

2*4 , 



1 

1 


1 

1 



2*0 

1-0 . 

2-5 

*i 

'i 

1 


i 

5 


*4 

i 

2*8 

1-8 . 

2-6 


1 

1 

i 

2 

4 

‘2 

2 


2*8 

1-2 

2-0 





s 

4 

1 



2*7 

M . 

30 






3 

11 

17 

1 

3-3 

1-3 . 

3*1 






1 

1 



3-0 


From the above Table it will be seen that in the Eg the average leaf factor of 
oacli family approximates to that of the parent. The narrow- and the broad-lohed 
phiuts of the Eg generation bred pme in the Eg, while the intermediate plants 


‘ liushiuo, Y, (lUlb) Jour. Cull. Ayri. Bupimro., Japan, Vob VI, i’arfc JJC, 
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split lip and ga¥e a large number of broad- or narrow-Iobed offspring according 
as their leaf factors approximated to the broad- or the narrow-lobed types. 

(ii) Leaf-lobe iniem. Balls^ and Kearney^ in their XJpland-lgyptian crosses 
found that whereas the leaf-lobe index was nearly the same in the Fj as that of the 
Egyptian parent, the results of the Eg generation could not be analysed. 

In the cross under investigation the writer has, however, found evidence of 
monohybrid segregation. The leaf-lobe index of G. cermmm was 5«0 and that of 
the Burma Silky cotton 2*6. The Fj generation had a mean leaf-lobe index of 2*9. 
The frequency array of the Fg generation is given in the subjoined table. 

Table W. 

Leaf-lobe index 

2-3 . . 

2-6 

2- 9 .... 

3- 2 ... ... . . . 

3-5 

3-8 . . 

4*1 . . . . . . 

44 ..,. 

4’«7 . . ... . . . 

6-0 . . . . . . . . . ... 

6«3 . . . . . ... . . . . 

64 . . i . . . . . . 

Totai. 

The above frequency array will give a bimodal curve (Fig. 3). 

Here the shallow-lobed class (leaf-lobe index less than 2'9) can be readily recog- 
nized, but the intermediate and the deep narrow-lobed classes are not easily dis- 
cernable. The frequency array can, therefore, be split into only two classes, the 
results being given in Table V. 

Table V. 



Leaf -lobe index 

Leaf -lobe index 


greater than 2*9 

less than 2*9 

Observed . . . ... . . 

125 

40 

Calculated (3:1) 

123-76 

41*26 


Notm. The frequenoy at class 2-9 (Table IV) is here omitted, being the minimum frequency. 


The very close approximation of the recorded to the calculated figures is quite 
patent. 


Frequency 

7 

33 

9 

16 

18 

21 

31 

21 

8 
5 

■ 2 , 

3 ■ '■ 

174 


1 Balls, W. L. loo. cit. 
•Keamey, T. H. loo. oit. 
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Further support of the hypoae™ that the leaf-lobe iuclox is inherited in a mono- 
hyhnd ratoo ,s found m the very h^h correlation rfich exists between the figures 
of the leaf-lobe index and those of the leaf factor, the coefficient of oorrehtkn 
being +0.900 ±0.0W. It is to be »g„ed that since theleaf facte ^70^ 
hybrid se^egation {page 81 and since the F, values of the leaf factor bear a ve.y 
ugh positwe correlation with the corresponding values of the leaf-lobe index tffi. 
latter must also manifest a similar type of segi'egation 

Ja generation are in full accord with the above hypotheri. 
While t^ extracted shallow broad-Iobed and the deep narrow-lobed ptote bred 
true in the F3 generation, the intermediate plants split up and gave a large mmiber 
of shallow broad- or deep narrow-lobed plants according as theh leaf-lobe im lx 

srofrctx"” -able VI b^^rt 

Table VI. 


FRmvmOY ABEAYS OF BEAF-LOEE nVDEX OF F,, FAMILIES 


No.‘ 

value 

I 

(F,) 

(Fg) 

2-5 

3-0 

3-5 

4'0 

4*5 5-0 5*5 (i-0 

Mean 

14 . 

2-2 

34 

4 




2*0 

1-9 . 

2*7 

1 

1 

3 

2 



2-5 . 

2-7 


I 

2 




2-6 . 

2-7 

8 

S 

IS 

13 

3 


2-4 . , , 

2-9 

2 

I 

G 

2 



1-8 . 

' 3-0 

2 


4 

3 

3 { . . . 


2-2 . 

3-1 

3 


1 

5 


3-5 

1-2 . 

3-3 



(i 

6 

2 

3‘8 

2-1 . 

3-3 

1 


1 

1 

1 

3*0 

1-7 . 

34 

5 

1 

2 

4 

3 3 . , 1 

3*8 

1-6 . 

3-5 

2 

1 

2 

3 

1 3 .. 3 

4-3 

M . 

40 





7 17 0 1 


1-3 . . 





5*1 

4-1 





1 1 .. .. 

4*7 

1 


genes are also operating. 


t miner 
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(iii) Index of lowest, smus-hreadth. This index is inherited in very miich the same 
wa-y as the leaf-lobe index. Since the breadth of the lowest sinus {d. in Fig. 1) 
bears a very high positive correlation with the distance of the upper sinus from the 
petiole (5) and also with the breadth of the middle lobe (c), the shape of the leaf 
will be represented as follows ;• — 

1. A high value of the index of lowest sinus-breadth will represent a deeply 

cut narrow-lobed leaf. 

2. A low value of this index will indicate a shallow broad-lobed leaf. 

The results obtained in the present cross are as follows : — 

Index of lowest sinus-breadth, of G, c&rnmim . . » . » . 3-0 

„ ss „ !, of Burma Silky , . , , « , 1‘4 

» » » „ ofF, . . . . . . , , X'8 

The frequency array of the index of lowest smus-hreadth of the generation 
i- given in the following table. 


Table VII. 

TnchiS of lowest Binirs-breadtli ^ 

1-3 .... 

.1‘4 ....... 

■ J .-6 . 

1*6 

1-7 .... 

1-8 

1- 9 

2- 0 ....... 

2-.1 ........ 

2-2 ....... 

2-3 ....... 

24 . 

2-5 ....... 

2‘Q- ....... 

2-7 ..... ... 

M . . ... . 

8*9 . . 


Frequency 
. 10 
, 28 
. G 
. 4 

G 

. 13 

. 17 

. 27 


12 

13 

6 

6 

1 

1 

1 

1 


i 


Total 


, 174 


CO r-i r-» 


STUDIES IN INHERITANCE IN COTTON 


Tile curve drawn from the above table is shown in Fig, 4. 



Fia. 4. 

The above frequency curve is bimodal and can be dissented into only two classes 
as shown in Table VJII. 
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(Observed 
Calculated (3 ; i) 


Index value below 
1*0 


« a. a ™ !:,r ti: t^^,:scir 

the F,. aho subiomed table gives tlie resells of the F,,, ge., oration. 

Table IX. 
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STUDIES IN INUEmTANCE ]N ('Kvn'ON 


Table IX—CAndd, 


Faoiily 
No.' 1 

(Fd 

Parental 

value 

(ib) 

f FuiiQTfON-eV AiUt-WS On- -I’!!''; iVOKK *'(>' i.ifW- !' .-i 
1 OF TaE F,, Fakhaes. 

1 tz po 1-9 2-2 2*5 2-8 :M, lot 

1-7 • 

1-9 

5 .... 7 1 5 1 

1-8 . . 

1*9 

2 ■ ... .. a 3 .. 2 

2-1 . 

2-0 

.. 1 .. 2 1 .. .. .. 

1-1 . 

: 2-2 ■ . 


1-8 '. 

2'3 .. 



Oompariiig Tables VII iiiul IX, \vc find t’bal; tbc pliints u it.Ii vsrhu's ns su’ i fse exi j-cnies 
bred triiej while the internKidiate })lants split vj) in rrjBihir (..‘rdcr. liuis iuslilh Hie 
assumption that the elmraeter under study is, in all pi'oliahilily, eontrelied jn a. ;-,in,ule 
pair of allelomorphs. The presence of minor f^enes is nltn^ indieai-'d !»y llm pa.rent 
offspring correlation. 

In renewing the mode of inherit; nice of tiie diyp-eo of iiio;;, -inred in 

three different ways, the results of the and F.. geiieratitms seem to iriuie.ale that 
a single pair of main genes is involved. It has also Ijoeu shown that minoi* gsmes 
are operating. The progenies of the plants near the <;xij’eiries of I fu; Ii'., disf.riluiiion 
were far less variable than those of th<', plants aronml tlm, meae. h'his agve.es wiih 

Freeman’s lindings^ : — “ If the diff* fences in the moans of P.. c.niinrrs .are 

due to genetic causes, one would expeot the intermediate, c.idtun's to in- w-ow'. va.ihi.hle 
than the extremes, thus assuming tisat the extreme cultnres a.rc’: moT-e Tms.'rly homo- 
zygous than fcho.sG which arc intermediate.” 

It is also interesting tliat in each of the throe cases meutiomid obove, the S(;gTO’- 
gation in the Fo geiieratioii of plants approaching the Burmu. Fhihy parent wa.s vva'v 
sharp. The curves shown in Piatas 11 , Til and IV show this very clearly. More- 
over in the first two cases (Loaf factor :i,nd. ijca.f-lobc .iikIox) tlie cr.rvos trail off boymid 
the extreme variation of the (Xi'tumm ])aroiit. The prolsable exphuiatioj; is that the 
modifvdiig genes which have already been indicated to bo pi’csont art; onl}^ effoetive 
in the presence of th(3 main gene supplied by the ccmimm iiaronii, but ]ia\ o. no effect 
in the presence of the gene supplied ])y the Burma Silky parenl.. 

(b) lejigth of petiole. 

The mode of inheritance of petiole length seems not to have lieen studied mid, 
so far as the ^yI'iter knows, no results have been re])orted. In the present eioss the 


I Freeman, (t F. (1910) OHndicii Y'->1 J.V. (^lutaoU by Kearney. 
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mlienteuce of petiole kngtli was studied, but the results are at present iuexnlicoHe 
and a large number of genes seems to be myolyed. mesplicaMe 

dueto Woih “Vt'* J> ‘I*'®® of either parent, probably 

am to lieterosis. The following figures demonstrate this 


Average petiole length, of Biarraa Silky 
»» 55 5, of 6, cernmim 


5-1 cm. 
5-5 cm. 


6-6 cm. 


TaHe. 


The frequency array of petiole length of the F, plants is giren in the following 


Length of petiole 
(cm.) 

6«9 
6-2 

6 - 5 
<i-S 

7- 1 
7-4: 

7- 7 

8 - 0 

8 - 3 
S'd 
S 9 
9‘2 
U-5 

9- S 
10*i 
10-4 
10-7 
H-0 


Table X. 


11-3 

.1L6 

11-9 


Frequency 


8 

10 

12 

13 

16 

10 


IS 

23 

13 

8 

6 


,Totai. , 174 

Non, — -Three plants had pef oles less than 5'8 cm, long but are included in claps 6-9, 


p 2 



^ 5 % 

20 « 


6-5 6-8 7'1 7-4 77 8-0 8'3 8 6 8 9 9-2 9'5 9'8 lO l lo'4 107 I I'O li'Si] ■, 

LeNOTH OE PETIOIiE, 

Fig. S. 

curve BhoTO in Fig. 5 can apparently be dissected into two at class 8-6 This 
Will give the following results : — 


Table XL 


90 STUDIES XN INHERITAj^OB IN COTTON 

The frequency eurre drawn fifom the above figures is shown in Mg. 5* 
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The analysis of the figures as shown above is not quite Witimate as duo to 
eterosis, which has been shown to occur, the segregation of the genes for length is 
naasked by the segregation of the growth factor!! ^Jor sinito rfa n tVe“^ 

Of the F3 generation shown in Table XII cannot be analysed. 
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llie scatter of the figures in the. above table does not suggest any angiysis wiiatever, 
Iramily No. J-1 is veiy interesting as here the longest petioles are met with. 

it is, bowei-er, interesting to note that the- length k petiole bears a fairly }ii«h 
positive correlation to the iengtli of the midrib, the coefficient of correlatioii beiSs 
-H>fiD95 ±0-02G. ' - > 

2. FlOWEE ClIASACTEEwS. 

(a) Shape of brads. 

Balls'-^- ixoBi Ms studies in lg}T5t. coiiekded that the narrow form of bract was 
dommaiit over the broad ; but the exact mode of irsh.eritance in tie and siihse- 
qiient generations was not worked out. 

K-eamey'*^ in, liis floldoii-Pima cross found that the mean bract length of the 
exceeded that of the either parent and that in the the frequency curve of bract 
length was uiiiniodal, the range of variation exceeding that ""of the either parent. 
The results obtained, by the writer, while dihering in minor details, agree in the 
main issues with tliose of Balls and K.earn.ey. 

(■ii) Lenglh of bracts. In the. HoldomPima cross Kearney found, a,s stated above, 
th.afc the .mean bract length of the Fj w^a.s gi’eater than that of either parent, but in 
the pr<‘f;Giit cross the mean bract leugtJi of the was almost the arithmetic mean of 
th<«.4e of the two parerit.s, as the following figures will ahov/. 

braeli .kaigtli of G, cermum 

„ ox Burma, 8.illiy §-6 cm! 

” ” i"-’ 4*3 cm. 

The .frequency array of bract lengths of tlie Fg plants, shown in Table XIII 
below 9 is rather interesting in. that it shows a decided preponderance of plants with 
long bracts ; in fact there was found only one plant ivith really short bracts. 


. liengtii. of bracts 
'iom.,) 


Table XIII. 


1 Balk, W. L. loc. cit. 

“ Kearney, T. H. loe. cit. 


Frequency * 
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The ciu've plotted from the above figures is shown in Fig, 6. 



Tbi above crave is slightly bimodal and is inexplicable • so too ti, 
preponderance of plants with intermediate and long bmets imaccountebk ® 

It is to be regretted that progenies from plants rrith very long k well as 

those with very short bracte eonld not bo emwo Ti,„ . . , “ 

of the tUrteen F, families grown ranged from 4-(l to 6-0 Thoroforfthr^ 
elusions drawn here are tentative. rnu ciojc tiic con- 

It is rather curious that in all the thirteen F , vxn 

noticed inspite of the that these were alUorived fro7tSifS 
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of tlie Pg curve. The resii].ts of the P 3 generation are presented in Table Xl¥ 
below. 

Table XIV. 


Family 

Parentol 


B’EEQUESCY AEKAYS OF BEACT BESCTH OF F. 

j FAMILIES 

•N't). 

value 









(V.) 

(F.-) 

3-5 

3-S 

4-1 

4.4 

4-7 

50 

5-:-} 


2-6 

4-0 

7 

23 

10 

6 




.‘-:-o7 

2-5 

4-1 


2 

2 





3-95 

1»7 

4-2 


+ 

7 

5 




4-10 

1-0 

4-2 


0 

2 





3-88 

2-] 

4-2 




3 

1 



4’4S 

2-2 ■ . 

4-2 


3 

4 

1 




4-03 

1-2 

4-3 



3 

9 

2 



4-38 

1-4. 

4-4 


1 

9 

22 

5 

1 


4-37 

1-6 

4-4 



3 

9 

1 



4-35 

1-8 

4-3 



4 

4 

3 

1 


4-43 

2-4 

4-5 





•> 









a 




4-47 

M 

4*8 



4 

11 

11 

4 

2 

P-60 

1-3 

.3-0 





1 

1 


[4-85 


.me parera-onspring correlation calculated Irom the above table is +0*9624- 
0-0034. This very high coefficient of heredity is a finthei proof that in point of 
bract length all the Pg families have bred practically true to the parental value 
and there ocouiTed but little splitting. This is contrary to expectations as ordinarily 
the splitting must have been quite noticeable. This may be due to modifying genes. 

^ (ii) Breadth of brads. With regard to the breadth of the bracts Ballsi found in 
his crosses that narrow bract was dominant over the broad, but in the cross under 
investigation the reverse was found to be the case, as will be seen below. 


Mean bract breadtli ol G. cernuum, 
ti „ ,, of Burma SilJcy 

» » ofiq 


3-7 om. 
3-4 cm. 
3-C cm. 


The li’a generation was very variable in this character : the variation extended 
beyond the extremes of either parent. The frequency array of the population 
is shown below: 


iBaEs,W. L. loc. cit. 
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.Breadth of bracts 
(cm.) 


Tiie curve tiirawn from the a1)Ove fiequency array, ns shown .lu Fisj;. 7. is multi- 
modal hut very probal)ly with a larger number o.f plants would become unimodal. 
The Gittve can not be easily explained, the only auggtjstion being that several genes 
are involved. 

The data obtained from the generation further confirms this ^d(iw as the 
splitting observed was very indefinite. The results of the F.. eeneratioii are givcm 
in Table XYL 

Table XYI. 


I)’aiiiiily .];*arental 

No. value 

Oh) 


FaUQUENGY ARUAWS OE BUACT BTlEADTil OF E., FAMILIES. 


di 4“4 Mean 


Fregueiie?j 
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BbA02? BUSJAB'j?!!. 
Fig. 7. 


^Tlie coefficient of heredity calculated from Table XVI 
This somewliat low value of the coefficient, as compared w 
the case of bract-length, is due to the splitting which has takei 
families. ; 

A. fairly strong correlation was observed between the le: 
bracts ; the coefficient of coiielation was +0-6164-0-032. 
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(h) Length of cofollii. 

1x> Balla^ the length of petals is inherited in a :5 : j, cutio, tlioie^i lie 
sa,ys the curve of the frequency array is “ deformed by fl iietuathnis, both nutoecnous 
and ordinary’’, ^ 

On the other hand, Kearney^ in his Hohh>n~Pima cross fouinl t-hat, tln^ petal- 
lengtl* in the F, was greater tlian that of either parent, and the gave a, unimodal 
curve With mean |aitaldength very near to tha,t of the Fima parent, lie *dves the 
lollowiug ligurcs. 


Holdoa 
Pirn a 

f:. 


Mean petat- 
tengtli (mm.) 
S6-1±M0 
fl6*8i0‘70 
61-0 ±0-34 
52-6 ±0-37 


Kottixr' m his cross between ]3harwar No. 1 and Kosea found that although in 
the Fj the long petal was dominant, in the Fg a proportion of 1 long : 2-8 short 
was obtained. He has not suggested any explanation. 

In the writer’s cross the two parents were very distinct as regards their petal- 
length, the mean petal-length of Burma Silky being 3-0 cm. and that of cemmm 
r>-], orn. The F, was intermediate liaving a mean petaWongth 3*8 cm. The F*, 
however, showed a decided preponderance of plants with short petals : the fre- 
<iueacy array is shown in the following table. 


of iK>t,al,s 
(cm.) 

2-0 
2>7 
2*8 

2- Q 
30 
8-1 

3- 2 
3-3 
34 
3-5 
3-e 
3-7 

m 

4*0 


Tabde XVII. 


l'’iK)Huenojr 
1 


4 

fi 

1,4 

19 

35 

26 

15 

21 

10 

8 

2 

1 


Total . I 66 

It will bo noted that the range of variation extends beyond the extreme of the 
short parent but does not reach even to the mean of the long parent. 

The curve of the frequency array is shown in Fig. 8. It is practically unimodal 
and very difficult to explain. 


^ Balls, W. L. loc. cili. 

» Koamoy, T. H. loo, oit. 
* Ivofcte, Gl. L. loo. oit. 
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it mtiy-, however, be mteresting to compare the results ol; Kearuijv iiiid K.ottiir 
with tao.io o]>taLiied in the. present cross. 


MSAN rBTAL-LEKCfTH (MM/) 



Holdon 

Pima 

Bosea 

Dharwar 
No. 1 

Cermium 

: Bn no a 
SilJty 


35-1 

56-8 

IS'7 

26*7 

51-0 

30-0 



j 


J 


j 

Fi 

68-0. i 

i 26-3 

3 

!7*() 


I 52*6 ■ 1 

1 19*0 

1 84*0 


Ifig. 9 shows the curves plotted from the figures of which the above are the means. 
It may be noted from the above that — 

1 . Kearney’s results on Ke-w World cottons stand in marked contrast to those 

of Kottiir and the writer on the Old World cottons, 

2. The length of petal is dominant in the Hoidon-Pima cross, but this is 

not the case in the Dharwar No, 1 Bosea and Burma Silky- — 
eernuum crosses. 

2 . The exact mode of inheritance of the length of petals is not yet quite 
understood. 

The results of the Pg generation are given in Table XV JIl. 


Table XVni. 


Faitiiiy = 
No. ■ 
(Fa) 

Parental 
value ■ 

(Fd 

BRUQTnSNClT .ABEAYS OB COXlOLtiA LBSinTlI C li’ Fy MMIIBMS 

2-9 

S'O * 

3*1 

3*2 

3*3 

3*4 

3*5 

3*0 

3*7 

3-8 3*;> 

,4*0 

' .Moan 

24 

■ . 2*0 

1 

. 1 

3 

3 








3*1 ,i 

2-6"..r„ : .... 

2*9 



i 

1 


i 

i 





3*30 


2*9 

i 

'■'8 

9 

8 

.1.5 

8 

3 

3 




, 3*24 

DO . 

3 0 .. 




_2 

2 

5 

1 

1 

i 

i . . 


3*43 

I-l . 

■•■3*1 



i 


0 

7 

0 

7 

4 

2 .. 


3*50 

D7 . 

8*1 

i 


2 

i 

6 

6 

2 





3*30 

1-9 . . 

31 


i 


1 



4 



1 

i 

3*50 

1-4 . 

3*2 



i 

1 

’3 

14 

9 

"7 


2 .. 

1 

3*48, 

l-S . 

3*4 





1 

2 

3 

3 

*3 

'i 


3‘69 

2-4 . 

3*0 






1 

1 

1 

. 2 

1 1 

'i 

3*70 

1-3 . 

3*7 










1 

1 

i 3*95 

.l-S . 

3*7 






'4 

i 

2, 

3 

.. 2 


3*60 

2-1 . 

3*7 







1 



2 J 


3-75 


It is apparent from the above table that most of the families show splitting in 
a very indefinite manner, and the mode of inheritance of petal-length remains 
unexplained. 

It is interesting to note that no plant with petals more than 4-0 cm. long was 
found either in the Pg or the P 3 , though the mean petal-length of one of the parents 
{G. cernuam) was cm. 





.■1 ;; 2 '; 3 4 5 6, 7, g 9 

60 e . , a . » ® , *’ '« 

50 « 

40 



Corol/S‘fehgth distribution in the 
Fj of the Holdon-Pima Cross ■' 


( after Kearney ) 
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CoroMa-length distribution in the 
Fa of the Dharwar fSio. I—Rosea Cross 
( From Kottur’s Figures) 

, .Kg, 9, 



'CorolSa-length distribution in the 
Fa of the Burma-Silky-Cernciium Cross- 


c 


A 
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A I'fdrly marked corcelatioin;?as observed between tlie lengtli of petals and the 
leiigtir of bracts, the coefficient of correlation -was -|-0*50i0-04. 

Xo linkage Tvbatever was found to exist between tlie shape of the h'.aves and th<5 
length of corolla. The cemiimn parent was naj-row-lobed with long corolla, while 
tlie Biirina Silky parent had broad-lobed lea^'es and short corolla, in the Tg long 
and. sliorfc corollas occurred altogether irrespceth’e o[ the shape oi' ilie biaves. There 
was no linkage between the length of the leaves and the length of t.iie pet als either. 

3. Bold charactees. 

Balls ^ has shown that in all the Upland-Egyptian crosses studied by him the 
mode of inheritance of holl index (width relative to length) was very exvni})lex. 

Kearney® also records a similar complexity of boll index in his Hold on -Pirn a 
cro.ss and snggi^sts that several genes are involved . 

Pat:ef' has studied the fluctuations in the si/.e and length of liolls iji several juirc 
strains of Broach Beshi cotton, and he shows that these characters remain .relatively 
constant from season to season. He has not studied the mode of inheritance. 

The data obtained b}^ the writer on the leugih an<l \sidth of 1ml Is in this cross 
admits of no analysis and the only inference drawn is that both tJu'se characters 
are, higldy eomplox in their inheritance and that several genes ar<* in\'olve,d. 

(«) Lenglh of bolls. 

In this character the two parents l»orc a. remarkable contrast. The average 
lengtli of boll of G. ce-rauww was 6*1 cm. and that of Burma Silky 3*3 cm. 

The average length of bolls of the Fj plants was 4-0 cm. In the Fg it was noticed 



Freqtiencff, 
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slight iniiltimodalitj of the curve (Fig. 10) drawn from the above freqnenci 
array is prol'jably duo to minor fluctuations, and the frequency array remains iin 
explained. 


3-4 3-5 3'6 3-7 3‘8 3‘9 4'0 41 4-2 4'3 4‘4 i'b 4'6 47 4-8 4-9 

Length Off Boll. 

Fig. 10. 


The dgiires of the Fg generation further confirmed the idea of several genes 
being invoivecl in the inheritance of the length of boll. In Table XX are shown the 
Fg frecpicncy arrays of thirteen families. 
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Table XX. 


Faiuilv 

No. ‘ 

(.v«) 

Parental 

value 

m 

j FuEQUBKOY ARBAYS OS' BOLL-LEXOTK OK F- !■ A ii ILTHS 

3*4 

3*7 

4*0 

4*3 

4*6 

4-9 

Mean 

2-6 . 

B‘5 

3 

19 

27 

O 



3-9 

2-2 . 

3*6 


2 

6 

1 



3*9 

1-9 . 

3*7 

i 

1 

2 

1 



3*9 

21 . 

3*8 



3 




4-0 

2^5 • • 

1 3*8 



2 

i 

1 


,• •4*2 

M . 

1 3*9 


2 

2 

16 

11 

i 

4*4 

1-7 . 

3*9 


3 

11 

1 



3*8 

1-4 . 

4*0 



. 4 

25 

ii 


■■ ,4*4 

F-6 , 

■1*0 



2 

7 

i 


4*3 

l-K . 

4*0 


2 

2 

(i 

1 


4*2 

1-2 . 

I'l 



1 

11 

2 


4-3 

2-4 . 

4*3 



3 

4 

3 

,1 

4-4 

1-3 . 

4-4 






L 

4*9 


Tlic Fji fjUTiilios wore drawn from different places in tlio Fg froquoticy curv(’,, 
hut they fail to show mucii dilTereiicc in splitting. 

Another point worthy of note is that in no case the length, of bolls <;x{;(ieded ■Ml 
Gin. -- the extreme value of the F-g frequency. 


( 6 ) Width of holh. 

The width of bolls is inherited in much the same way as the length, and probably 
her(,i too several genes are involved. Following figures are available : — 

Avorago width of bolts uf Burma Silky . ... . .2*7 qni. 

„ „ „ of G. CGrmmm . . . . . . 3»4 cm. 

„ „ of Fj . . . . . . . . 2*8 cm. 

These figures apparently show the dominance of the small type of boll, ]>ut the 
Bubscqiient gcuorationvS proved tliis liypothesis to be untenable. The frequency 
array of the width of bolls of the Fg generation is shown in Table XXI. 


Table XXI 

Width of bolls {cm.) 

2*5 ■ 

2*8 

2-7 

2*8 ....... 

2*9 

3*0 

3*1 ... 

3.2 ... . . 

3*3 .... . . 

Total . 176 

The curve plotted out from the above frequency array is shown in Fig. IL The 
curve is steep and symmetrical and is quite inexplicable. 


Frequoiioy 

1 

10 

33 

66 

45 

16 

3 

1 

I 
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STUDIES IN INHEEITANCE IN COTTON 
T,lie fceqiienGy arrays of the Fg families are shown in Table XXj.I. 


Table XXIIV 


Family 
No, ' 
(Fs) 

Parental 

value 

FKEQTTEWaV AERAYS OF BOXX-WIDTH OF F.; FAMIUKS 

2*6 

2*7 

2-S 

2-9 

3-0 

3-1 

3-2 

Mean 

1*6 

2'3 



5 

3 

2 



■ 2-9 

2-2 

2-6 


1 

6 

2 , 




2*8 

2-5 

2-6 



1 

3 




2-9 

1-1 

2*7 


1 

4 

11 

11 

0 


2-9 

1-4 

2-7 


1 

11 

21 

G 

1 


2-9 

1-7 

2-7 


3 

5 

0 

1 



2-8 

l-D 

2-7 



4 

1 




2-8 

1-2 

2*8 



2 

6 

6 

1 

1 

' 3’0 

1-S 

2-8 


1 

3 

0 



1 

2-0 

2-1 

t. 2-8 



1 

1 

1 



■ :2‘!) 

2-t; 

' 2>S 

2 

10 

: 22 

19 

1 



2"8'' 

1-3 

i . 2-9 

1 





2 


. ■ S-1' 

3-4 

3-0 




G 

4 

1 


3-0 


Though the Fg families are drawn from different points on the Fg frequency 
curve, they split irregularly and do not help in explaining the mode of inheritance 
of the width of bolls. 

In summarising the mode of inheritance of the two characters of bolls described 
above, the following points are worthy of note : — 

1, The mode of inheritance was very complex and probably several genes 

were involved in each case. 

2. Tlie plants mth big bolls were not recovered either in the Fg or tlie Fg, 

4. Lint and seed charactebs. 
in) Length of Uni. 

From the economic point of view, the length of lint is one of ibo inosi. imporf.-t jii; 
characters of the cotton plant ; and the probleinK conned wilb Mie im|n'oving 
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of tlie length, and fineness of lint and also the combining of these qualities with 
other desirable characters liaYe always been subjects of great interest. 

Fysond came to the conclusion that “ . . . _ .length and fineness of lint were 
completely dominant over short and rough woolly nature.” 

Balls'^ in Ills inter liigyptian and Upland-Egyptian crosses was able to extract 
pure parental forms from the subsequent generations, though, he says, some of the 
intermediate forms also bred true. He concluded that length of lint was inherited 
in a 3 : 1 ratio. 

Kearney ® in Ms Holdon-Piina cross found that mean lint-length of the h\ genera- 
tion was very near to that of the long parent (Pima), but the P2 generation gave a 
unimodal curve. 

Kotfeiu’^ confirmed the results obtained by Fyson. He also detected a linkage 
between the colour and length of lint, brown colour being associated with short lint. 

The results obtained in the present cross seem to agree with those of Kearney. 
The figures will be found below 

A vtimga liiU^-toug^h of C/. . . . . „ , . SO'Smm. 

„ of Btimia Silky ....... 29*4 mm. 

of • • . . - . . . 28-1 rum. 

The frequency array of the generation is given below. 


■Table XXIII. 


Lengtk of .lint 
(min.) 


Pref£uency 


. 

19*5 














0 

2 

20-5 














52 

21-5 














39 

22-5 














24 

2.S-5 














26 

24-5 














10 

25*5 














15 

26-5 














3 

27't 














2 












Totai. 


184 


^ Fyson, P. F. loc. cit. 

« BaUs, W. L. loe. cit. 

■* Kearney, T. II. loe. cit. 
* Kottur, G. L. loe. cit. 




STUDIES nr liraBEiTAHCE IH COTTON 


The cujve drawn from the above figures is shown in 
iinimodal and suggests that several genes are involved. 


te curve as 


Length op lin' 


The results of the Fg generation are presented in the subjoined table. 
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No/ 

{!:/) 

rareiital 

value 

2-5 . 

21-S 

1-8 . 

23-0 

1-!) . 

23-5 

2-1 . 

24-2 

2-G , 

24-5 

1-2"./ . 

25-0 

2-4 . . , 

25-0 

1-3 . 

30-5 

1-7 . 

27-0 

1-1 . 

29>0 

2-2 . , . 

29-1 

l-G . 

30-0 


Table XSW. 


Fkisquency AKiyiys oif list-lesotu of F., famili, 
16-5 17-5 18-5 19-5 20-5 21*5 22-5 23-o 24-5 2rrn 2(;-fi 27-r» ! 


2 2 1 . 

7 4 . . . 


1 .. 1 4 33 ...... .. 

. . . . . . . . 2 .. 12 .. 

.. .... 1 6 2 9 1 (> 10 11 1 1 


.... 1 . 

11 G 8 


2 . . 1 

2 


1 G 2 r> 

2 2 11 ir> 

1 1 . . r> 


All the ]?8 families would give imimodal iTequejicy ciirves. Tlie ligares do not 
throw mucli light od. the Diode of iiiltentance of the length of lint. The above table 
conhims the view that several genes probably control the inheritanee of lint-length 
in the cross under investigation. 

(5) Seed, weight. 

Balls^ smnmariKes the behaviour of mean seed weight in several crosses ]jy say- 
ing that “ beneath all the complexity involved by fliiotiiations, by autogenous 
fluctuations and correlations, there existed in all these hybrids a straight forward 
segregation of seed-siae controlled by a single allelomorphic pair of factors in every 
case.” 

The results obtained by the writer cannot, however, be explained on the assump- 
tion of simple inheritance and seem to indicate that several genes are at work. 

The mean seed index (weight of 100 seeds) of Buinia Silky was 57 mg. and that 
of G. cermmm 92 mg. The Fj generation had a mean seed index of 72 mg. Jt will 
be seen from the above figures that the “intensification” of this cha-raebyr, as 
noticed by Balis^, did not occur in the present case. 

1 Bails, W. L. loo. cit. 
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iii,e frequency distribution of seed index in the Fg generation is given below. 


Table XXV. 

Seed index 

(ing.) JbVequeiicy 

47 . . . . ..... . ... ‘I 

• • . . . . ... S 

' • • • • ... . . . . . . 

. . . . . ■ . 

- ” • . ... .* .* iiii 

7^ “ * • • . * • • ■ . . . . . . ;-i9 

• ■ ■ •: . . V ... . . 21 

S2 ^ ^ 

“ • - • ^ ‘ ; ’ ! ; ‘ I 
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The curve drawn from the above frequency array as shown in Fig. IB is imiinocJal, 
and the only probable explanation is that several genes control the expression of 
this character. ' 

The results of the Fg generation are presented in the following Table. 


Family 

No. 

(Fs) 

Parental 

value 

(1^) 

4-0 

2-0 

4-8 

2 

1-G 

7*3 


2-1 

7-4 


1-7 

8-0 


1-n 

8-0 

' i 

2-5 

S-0 


1-3 

8-4 


1-8 

1 8-7 


2-4 

9.2 


2.2 

9-3 


1-2 

9-7 


1-1 

9-9 


1-4 

10-1 



Table XXVI. 


FilEQUBNCir ARRAYS OF SEE1> IKDEX IN F,, FAMILIES 


4*0 4-5 5-0 5-5 6-0 G-5 7*0 7%5 8*0 8-5 9-0 


10 

5 
1 

6 
1 
1 


G-9 

6- 9 

7- 5 
6-4 
6-5 
6’6 
6-5 
6-8 

6- 4 
7%'} 

7- 2 
7-0 
7-;j 


Pmqtiency^ 
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ao . 


* * * ♦ . 

47 52 57 62 oV 

Seed index. 
¥ig. 13 . 


An examination of the above table would show that several genes a, re responsible 
for seed index, thus confeming the conclusion reached at after the examination of 
the Fs figures. There is very little difference in splitting observed in the families 
i-8, 1-9 and 2-6 though their parental values differ widely. Family 1-4- has the 
liigliest parental value and. contrary to expectation, shows fairly pronounced split- 
14} Hc. The presence of th<} flm and minm modifying genes, probably several in 
! Jinn Her, is fairly cltw. 
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(c) LiM index. 

importance of this ohaiacter in. commercial cotton hi-e«1mg has IcDg been 

recot, used. Harlandi ,ays : “ out of the morphologmd eharaaers he.armg 

4%1. weight of Unt per seed is the most impmtant hy yrtue ol the lug , ja.smve 
ctiekthms ;-Mch it e^hihits both with the weight of Imt per bo! and too wmght 
of lint nor acre ” The .same author has elsewhere- discussed at full length the 
Itluay tf taking Unt indor (weight of Unt on 100 seeds) rather than the ginnmg 

DPTceiitiii'^c 8iS iiliG bsisis oi selection. ^ .t sii m” 

^ Kearnev-e obtained a rmimodal curve for thfa character m the 1, generation 
of Ms Holdon-Pima ciws. The range of variatiou in the tar escieded th.rt of 

pitliprDareiite.speGiallyoiitIieloweTsklcofthcc.xirve. ^ ^ 

The results Stained in the present (jross ate of tlie same type as those ohtairied 
by Kearney. The figures will ho found bdow. 


LiiU. iiules of a. ccrnuim 
„ of Burma Silky 
„ „ of Fi . 


lil mg. 
37 mg. 
OO mg. 


The fieciuency distribution of the Fj goueiatiou wiU be seen in the following 


table, 


Table XXVIL 


Lint iudes 
(mg.) 


Frequency 

1 

6 

20 : 

40 
39 
52 
17 
7 ■ 


iHaTland.S.O. (1925) m Vol. IL 

2 Harland, S. C. (1920) India Bull., Vol. XV f,. 

3 Kearney, T. H- loc. cit. 


Frequences 
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The (lisfcribiition of lint index in the Fg geneifttion is worthy of comment. In 
the first place the frequency curve shown in Fig. 14 is iinixnodal and does not suggest 



Fio. 14, 


any factorial analysis. Then there is the decided inclination to produce plants 
with smaller lint index, but both the parent types have been recovered. 
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The figures of the generation are presented in the following Table : — 


Table XXVIII. 




Family 

Parental 

PEEQTOKOy AEBAYS OB MNT IW.BSX OF Pg FAMILTES 

Wo. 

value 










(P 3 ) 


2*5 

3*0 

3*5 

4*0 

4*5 

5*0 

5*6 6*0 

6*6 

Mean 

2-6 

2*9 

2 


3 

16 

11 

9 

4 2 


4*4 

. , 2-2 

3*7 



3 

3 

2 




■ 3*9" 

2-5 

3*7 



1 

4 





3*9 

2-1 

3*8 



1 

3 

1 




4*0 

1-6 

4*0 


i 

6 

6 

1 

2 



4*0 

1-7 

4*1 




3 

8 

3 

i 


4-6 

1-9 

4*3 

i 

2 

2 

3 

1 

2 

1 


4*0 

1-! 

4*8 



5 

15 

12 




4*1 

1-2 

1 4*9 




3 

5 

’4 

*i i 


4.7 

1-8 

1 6*0 


i 

i 

6 


i 

3 1 

'i 

4-6 

i-3- 

! 6*1 




1 



1 


4*7 

1-4 

5-2 



’2 

8 

i2 

i2 

4 2 


4-7 

2-4 

5-3 




1 


4 

1 1 


a*l 


An examination of the above table will reveal that the splitting here is very 
comparable to that of seed index. All the families, with the possible exception of 
i-1, show splitting in a very indefinite way. The presence of jilus and wtims modify- 
ing genes is also clear. Seven of the thirteen families have means lower, one the 
same and the rest five higher than the parental value. 

COREELATIONS. 

A very large number of correlations of the lint and seed characters with other 
more easily recognizable morphological characters have been pointed out by many 
workers. These correlations, apart from their scientific value, are of great service in 
commeroial cotton breeding. The following correlations were worked out in the 
present case : — 

1. The correlation coefficient of lint-length and lint index was — 0*024 i0‘061. 

These figures are not at all significant. 

2. The coefficient of correlation of lint-length and seed index was -f-O'lfiSidi 

0*048. These figures are also not significant. 

3. The coefficient of correlation of lint-length and boll-length was — 0*067 

Jt:0*051. It has been frequently asserted that plants with long bolls 
produce long Hnt. This statement is not amplified in the present 
case as long lint occurred both on plants with long and short bolls. 

4. Length of lint and petal length. The coefficient of correlation between 

these two characters was 4-0*S21 ±0*048. 
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5. TKe Goefficieiit of correlation between leagtb of lint and length of leaf 

was -f 0-125 ±0-201. 

6. Tlie seed index was found to be very highly correlated with lint index ; 

the coefficient of correlation was ±0-710 ±0*024. 

7. The coefficient of correlation between seed index and length of boll was 

±0-428 ±0-053. 

Summary. 

The mode of inheritance of nine characters was worked out in a cross between 
tr. cemwm and (Burma Silky). 

G. cernuum had shallow broad-lobed leaves, long bracts, petals and bolls, very 
short lint and very high lint index and seed weight. 

Burma Silky had shallow broad-lohed leaves, short bracts, petals and bolls, long 
lint and low lint index and seed weight. 

Tfie Fj did not show heterosis except in the case of length of petiole. In the 
case of leaf factor, leaf-lobe index, index of lowest sinus-breadth, length of bracts, 
length of petals, length of bolls and seed index, the Fj was intermeeliate, while a 
tendency to dominance of Burma Silky parent was shown in the case of width of 
bolls and length of lint and of the Oemmm parent in the case of lint index. 

The depth of laoiniation was inherited in a simple manner. The length and 
breadth of bracts showed very little splitting in the jB'g, while tlie rest of the cliaraoters 
were very much complicated. 

From the correlations worked out, it was noticed that the length of lint was in- 
herited independently of lint index and seed index and that lint index was very 
highly correlated with seed index. It would, therefore, seen! quite possible to com- 
bine these three highly desirable characters. 

Acknowledgments. 

I am highly indebted to Professor E. B. Cheesman under whose supervision the 
work was carried out. His willingness to help and his genuine interest in the work 
did more than anything else to the better understanding of the several problems. 

To Dr. Harland I am indebted for very helpful suggestions and criticisms during 
the progress of the work. I am also thankful for his suggestions in writing up this 
paper. 

Mr. J. B. Hutchinson provided the seeds of the two parent types and the 
generation, for which I am thankful to him. 

I am also obliged to the Bev. Kenderick B. Bhagan for useful criticism during 
tlie preparation of the paper. 


MGHP0—M— 111-1-84— 4-2-30— aooi. 



COTTON GROWING IN INDIA IN RELATION TO CLMATE. 



(Eeoeived for publication on the 10th February 1930.) 

Introbuctory. 

The ready response of the cotton plant to its environmental factors has long 
been realized. Of these, the climatic factor is the most important as it is least 
amenable to correction by human agency. Literature on cotton is full of aMu- 
sions to the effects of climate on its growth and maturation. It is also recognized 
now that climatic conditions are the chief determinants of the variety of cotton 
which wiU grow successfully in any locality. The study of the “ environmental 
parallels ” will thus provide, perhaps, the safest key to the introduction of exotic 
types. 

So far concerted efforts for a proper climatological survey of the globe have 
not been made and it is the object of this paper to present, in a condensed form, 
the climatic conditions under which cotton is grown in India^. It is, however, 
recognized that more meteorological data are required before the present survey 
can be considered comprehensive. 

The places dealt with have been deliberately chosen and only represent some 
of the different cotton growing regions in India. The Central Provinces — one of 
the most important areas — are omitted. Indore is a tjpical black cotton soil area, 
however, with somewhat similar meteorological conditions to parts of the Central 
Provinces, and may serve instead as an example. (See Cotton map of India; 
Report of the Indian Cotton Committee, 1919.) The localities chosen are : — 


Lyallpur . 


. Punjab Canal Colonies. 

Hyderabad 


. Sind. 

Oawnpore , 


. Cotton Growing areas in the United Provinces. 

Surat 


. Bx’oach Deshi Tract. 

Indore . , 


. Central Indian States. 

Belgaum . 


. Deccan Tract (Bombay Presidency). 

Coimbatore. 


. Deccan Tract (Madras Presidency). 

1 Walker, Q. T. fl914). 

Mem. Ind. Mefeo. Dept., Vol. XXII, Part III. 


BY 
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It ^ill be seen from tbe various diagrams berein presented that tlie time of sow- 
ing of cotton at varioxis places bas been so adjusted as to provide tbe best possible 
climatic environment to tbe crop. A fair amoimt of rain (in non-irrigated areas) 
and bigb mimmmn temperatures during tbe growing period arc essential to its 
proper development, while sunny and dry conditions are favourable for tbe pick- 
ing season. 

Williams^r in Egypt was tbe first to draw attention to this phase of tbe subject. 
His diagrams of the climatic conditions of tbe various cotton growing countries 
of tbe world arc important. 

Canney ^ has made a general survey of tbe world with regard to temperature 
and the amoxmt of cloud and has indicated that “ the acreage in more suitable 
climates is probalxiy at least as large again as the total present acreage under rain- 
fall cotton.” 

In anotlior paper, Canney ^ has considered tbe question of climatic severity in 
relation to the varieties suited to particular zones, paying particular attention to 
staple quality and length. He comes to the conclusion that staple quality is asso- 
ciated with tbe severity of climate and it is only asldng for failure and disappoint- 
ment to try and introduce a variety with a particular staple into an area whose 
climate is unsuited to that staple. He points out tbe relationsliips between grow- 
ing period, length of staple, and cbmate and emphasizes the importance of a study 
of tbe natural environment of a type, when the question of tbe introduction of that 
type into another area is under consideration. 

This paper of Canney deserves tbe careful consideration of all plant breeders, 
though more climatological data would be requited before all Canney’s suggestions 
could be accepted. His suggestion, for example, about tbe suitability of Sind for 
an Upper Egyptian type of cotton, if tbe sowing date were delayed, may be correct, 
but for a reason diSerent from tbe one be puts forward. There are no early rams 
in tbe cotton growmg areas in Sind, but other reasons, wbicb also apply to some 
extent to tbe Punjab, may make it desirable to delay sowing, both in Sind and tbe 
Punjab. A detailed account of these reasons so far as tbe Punjab is concerned is 
in preparation in connection with sowing date experiments at Lyallpiir.* 

Trougbt ® in bis paper on the Effects of some meteorological conditions on 
tbe growth of Punjab- American cotton ” has drawn tbe mean temperature dia- 
gram of the Punjab and compared it with Williams’ dia,gram of various countries. 
This diagram shows that tbe environment during tbe early stages of development 


* This paper has now been written and the experimental data show that cottons sown in mid- 
June grow faster, flower more freely and open more bolls than earlier or later sown cottons. 

^ Williams, Q. B. (1923). Ministry Agri., Egypt, Tech, and Sci, Service, Bull, No. 32. 

* Williams, C. B. (1924). Ministry Agri., Egypt, Tech, and Sci. Service, Bull. No. 47. 

8 Canney, E. E. (1924). Shirley Jnst. Mem., Yol 3. 

< Canney, E. E. (1927). Jour. Tex. Inst., Yoh XVlll. 

*Troiight, T, Effects of some meteorological conditions on the growth of Puniab-Ameiican 
Cotton. Mem. Bept. Agri. BoUlSer. Yoh XYll,m. 6. (in the press). 
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of the crop when sown at what is considered to be the usual sowing date, namely, ' 

early May, is more exacting than in probably any other cotton growing country, 
at the same stage. This means that root development, as well as shoot growth, ^ 

is detrimentally affected, with the possibilities of consequent harmful reactions in * 

the crop’s later development. ; 

The advantages which are gained by a later sowing of cotton are now attract- i 

ing notice, and figures have aheady been published by Eoberts^ showing the in- j 

creased yields obtained on a field scale at Khanewal with later sowings. The ? 

avoidance of these extreme conditions can at least partially explain the advantages i 

which in practice on quite a large scale have been shown to exist. j 

Presentation of results. j 

The method followed in plotting the different diagrams is precisely the same as | 

that employed by Williams. This method is very convenient and has the advan- 1 

tage of comparison with Williams’ diagrams of the different countries. 

Complete data for the following factors are available and only these are dealt I 

with — 

1. Normal mean monthly maximum temperature. 

2. Normal mean monthly miaimum temperature. > 

3. Normal monthly rainfall. 

4. Normal number of rainy days per month. 

6. Normal monthly amount of cloud. 

6. Normal mean relative humidity at 8 A.M. 

7. Normal mean velocity of wind in miles per hour. 



Diagram No. f. Normal mean monthly maximum temperature. 
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h E’oemal mean momthly masimtjm temperatueb. 

(Diagram No. 1.) 

At Cawnpore, Hyderabad (Sind) and Lyallpiir cotton is a summer crop, 
and is planted during tlie period of rising temperatuies. The maximum 
temperature falls off during tlie later half of tbe growing season. Dining the pick- 
ing season the maximum temperature falls off very quickly at both Cawnpore and 
Lyallpur and more slowly at Hyderabad. It is interesting to note that Lyfillpur 
which starts with a very high temperature jnst after planting thne has the lowest 
maximum temperature at the close of the season. It may also he remarked that 
the maximum temperature at Coimbatore does not vary more than 5 degrees dur- 
ing the whole of the growing season. The curve for Belgaum is comparable to 
that for Coimbatore. The curves for Surat and Indore are quite distinct from i)he 
others. The maximum temperature rises during the first half of the growing season, 
falls during the later half, and rises again duriag picking time. The spell of hot 
weather in the middle of the growing season is probably of little importance to the 
cotton grower. These curves resemble those for the mean temperature at Wad 
Medani in the Sudan as plotted by Williams. The similarity of conditions as re- 
gards maximum temperature is greatest just before picking commences. 



Diagram No. 11. Normal mean monthly minimum temperature. 
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2. Normal mean monthly minimum temperature. 

(Diagram No. 2.) 

The normal mean monthly minimum temperature curves resemble those of the 
normal maximum temperature. Both at the planting time and at the close of the 
season, Surat has the highest minimum temperature, while LyaUpur has the lowest 
at the corresponding times. Like the maximum temperatime, Coimbatore main- 
tarns a fairly constant minimum temperature during the growing season and a 
rising mimmum temperature during the picking season. The spell of hot weather 
during the middle of the growing season at Snrat and Indore does not apparently 
affect the minimum temperatures. 


Diagram No. 111. Normal monthly rainfall. 
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(Diagram No, 3.) 

The time of planting of cotton is so adjusted as to get the masimiim benefit 
of rainfall in the gTowing season and at the same time leave the picking season 
dry. The subjoined table vdll illustrate this point. 


Total Rainfall 

annual during 

normal growing 

rainfall season 

(inches) (inches) 


Rainfall 

during 

picMng 

season 

(inches) 


Rainfall 

during 

off 

season 

(inches) 


Name of place 


Remarks 


JBelgaum 
Surat . 
Cawnpore 
Indore . 


Coimhatore 


6*95 j Irrigation. 


Lyallpur 

Hyderabad 


At places where cotton is a rain-fed crop most of the rain which falls during the 
off-season is conserved in the soil and is used up by the plants. It will also be clear 
feom the above table that at most of the places very little rain falls during the pick- 
ing season. This is conducive to easy and clean picking. At places like Lyallpur, 
Hyderabad and Coimbatore where rainfall is insufficient for the requirements of 
the plants, artificial irrigations are given to supply the proper amount of moisture 
to the growing plants, Mgiu'es of the actual amount of water applied in irriga- 
tions are not available except for LyaUpur where the amount varies from 10 to 20 
acre-inches in the season. 
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I 4, NoEMAIi NUMBER OF RAINY DAYS' PEB MOOTH. 

f (Diagram No. 4.) 

The utility of rain to the crops is determined by its amount and distribution and 
its retention in the soil at a depth where it is available for the plant. Here we 
are only concerned with the first phase of the question as the retention of the rain 
water in the soil is a matter of soil type and of agricultural practice and in the areas 
where the ryot depends entirely on rain he usually takes good care not to allow 
; any unnecessary waste of water. 

I Excessive showers within a short period are far less useful than lighter showers 

I well distributed ; the curves of the normal number of rainy days are thus of interest. 

It would appear that, among the rain-fed areas, sowing may be delayed at 
Oawnpore for lack of proper rainfall, but once the crop is established it is not likely 
I to suffer from lack of moisture. The other features of this curve resemble those 

I of the rainfall curve. The number of rainy days at different places is in direct 
proportion to the amount of rain. 
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6. Normal MOOTHLY AMOXJHT OE CSLOUD. 

(Diagram. No, 6.) 

The amount of rainfall and the number of rainy days are a function of the amount 
of cloud. Clouds also tend to reduce air and soil temperatures, the intensity of 
light, and the amount of evaporation. At sowing time there is sunny weather at 
Oawn.po.re and Hyderabad, moderately cloudy at Lyallpur and Coimbatore and 
heavily overcast at Indore, Surat and Belgaum. Towards picking time the amount 
of cloud decreases appreciably at all places except at Coimbatore, thus enabling 
the cotton to be picked during dry sunny weather. The amount of cloud again 
increases at all places towards the close of picking season. 
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6, Normal mean relative humidity. 


(Diagram No. 6.) 


Eelative Jiumidity is very high at Surat, Indore and Belgaiim and fairly low at 
Lyallpiir, Cawnpore and Hyderabad at the start of the growing season. At the 
former fclD.-ee places it decreases steadily with the increase in maximmn temperature. 
At Gawnpore and Hyderabad it increases during the growing season, while the 
maximum, temperature decreases. At LyaUpur conditions are somewhat similar to 
those o]}tained at Gawnpore and Hyderabad but the effect is not so marked. Coim- 
batore maintams a relative humidity above 80 per cent, and below 86 per cent, 
throughout the season. One point of interest is that the relative humidity at 
Indore and Belgaum. — the places of highest relative humidity at the start — ^falls 
to a very low value at the end of the picking season. 

The figm’es presented in Diagram No. 6 are those of the relative humidity at 
8 A.M. and are of doubtful value as the relative humidity is constantly changing 
throughout the course of the day. For this reason the relative humidity at Lyall- 
pur is apparently very high during November and December. This is solely due 
to the effect of dew and haze in the mornings during these months. After the dew 
evaporates which rarely takes place before 8 a.m., the atmosphere gets very dry 
indeed. 


Vn, Mean velocity of wind in miles per hour. 
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7. Mean VELOCITY oe wind in miles pee hour, 

(Diagram No. 7.) 

During tlie first half of the growing season the mean wind velocity is fairly high 
at all places except Lyallpur and Gawnpore. The wind velocity at Hyderabacris 
conspicuously high and remains so throughout the growing and picl^g season. 
At the rest of the places the wind velocity is always less than 3 miles per hour dur- 
ing the later half of the growing season and throughout the picking season. 

Stoimary. 

An attempt has been made to compare the climatic conditions prevailing in 
typical cotton growing localities in India, The different factors have been treated 
separately, but it is recognized that the effect of each depends on the other. In- 
formation of this sort will, it is hoped, contribute to a proper understanding of the 
various ecological problems of the cottou plant and its pests. 

The greatest similarity of conditions at the various places is during the middle 
of the picking season, and not about a month or so before picking as found by 
Williams in Egypt and the Sudan. 

Rainfall is low in the later half of the growing and throughout the picking 
seasons. 

Realtive humidity varies enormously at different places during the course of 
the year. 
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Introduction. 

111. tills ])iii)or n,l‘tor roviowiiig p;ciicral]y tlio Punjab climate in the cotton season 
J jiroposp to discuss briefly the folIoAving jioints : — the particailar effect on the daity 
mcroaso in height of Pniijali-American cotton of (1) irrigation and rainfall, (2) 
evajioraiion, (d) diiststorins, (I) soil toinporatiiu'S, and (5) niaximuin and minimum 
air temperatures. 

General review of Punjab olimatj2. 

The cotton season in the Punjab is from April to December or January. Sowing 
takes place in A].)ril and May and the last ])i(’kings sometimes are not harvested 
until towards the end of January. 

In general, it is beginning to hccomo warm in April ; May and June are hot 
and dry : July and August are hot and damp, September and October are still warm 
during tlic day but mininuim temperatures ar<" dropping rapidly. In November, 
December and Ja iiiary, which are typically winter months, tlie atmosphere is dry. 

In December and January particularly the days are clear and cold. During 
December there is a general expectation of showers of rain. 

Table I shows the monthly normals of maximum and minimum temperature 
for four places in the Punjab, namely, Sirsa, Multan, Montgomery an<l Lahore, 
com].)ared with other cotton growing localities in different parts of the world. 
Mr. C. B. Williams (I0)t has given diagrams ford iff ereiit places showing the relation 
of tlie mean maximum temperatures to the periods during wdiich the cotton is grow- 
ing, the stait of picking aiul the harvesting. If the Lahore mean temperatures 
are inserted on these diagrams, it is seen that the Punjal) is distinctly abnormal, 
though the 1 ernpei atures at first picking time approach the temperatures at the 
start of picking for the other countries as recorded by Mr. Williams. 


ILni.'-td fiom a papor wrillen for the Indian Science Congress held at Madras, January 1929. 
■)• Refeitncc is irade f.y manler to Literature cited, p. 1.53. 
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conditioiis tliaii aiiywliore else in tho, world, during thoir liitoi’ growtli ilio tempera- 
tures are still liigli, but at the beginning of the picking period like t,(Mnj>eratnres are 
aoinewliat similar to those in other looalitios. It ma_y be. , noted, liow<.wer, that, 
if the picking period were considered as being finivshed at the end of Jannary instead 
of the end of December, the curve would show a great(n similarity with, curves 
in other localities. The picking period curve is thus to some extent arbitrary. It 
is interesting also to note that if there should be a change in the customary sowing 
date, that is, if cotton were sown in the middle of June or beginning of July, the 
temperature curve during the growth period, though still high, would be more in 
conformity with that of the Sudan. Cotton would be sown then on a falling tem- 
perature curve and would approximate more to a “ Winter ” crop as it is in the 
Sudan, than a “ Bummer ” crop as it is at the present in the Punjab. There is a 
tendency in the Punjab to later sowings ; and ol)servatio,ns made in 1927 in connec- 
tion with the partial failure of the crop in that year showed almost invariably that 
cotton sown about the middle of Jime did better than earlier sown crops and showed 
few or no signs of failure. 

This tendency to later sowings is explicable from Mr. Williams’ diagrams. As 
the climate caimot be altered, the grower, as a result of experience, is altering the 
growth period to bring it more in conformity with those temperature conditions 
which experience has also found to be best for growing cotton in other countries. 
Experiments on sowing dates which are in progress may enable definite recommend- 
ations to be made on this point. In the years imder consideration, the evapora- 
tion, from a free water surface, and as recorded by atmometers, decreases fairly 
steadily from the bcgimiing of June, except in 1920, where the fall does not make 
itself apparent until mid-June. Yoimg cotton plants are therefore not exposed 
to quite such stringent conditions during Jimc as dining May. This may partly 
account for the better results wliich were observed with later sown cottons in 
1927.* 

The incidence of rainfall during the cotton season is very variable. This is 
shown in Figure 2 which gives the rainfall for certain recent years. To get the full 
benefit of rain, the rain should be equally distributed throughout the growth season. 
All examination of the diagram shows that in the Punjab it is the exception rather 
than the rule for rain to be so distributed. Under irrigated conditions, however, 
it would be expected that a deficiency or irregularity of rainfall would be 
compensated for by irrigation. But the irrigation of cotton during the llains ” 
is often neglected in the expectation that rain will come. Bain when it does como 
is also frequently very much localised. Difierences of one or more inches often oooia’ 
in the readings from rain gauges less than 6 miles apart. 


* The same observations wore also made iu 1928, whieh was a “ failure ” year. 


DJSTasauTiON of RwwrALL m the. punja.s 



142 


METEOROLOGTCAL CONDITIOHS AND PUNJAB-AMERICAN COTTON 


The monfchs of May and Jane are rendered unpleasant by frequent diiststorms, 
Duststorms, also, are as a rule localised, and consist of winds which arise suddenly, 
frequently from a dead calm. They vary considerably in intensity and the air Is 
heavily charged with dust. A severe duststorm occasionally affects a large area. 

Frequently a little rain will follow a duststorm. Almost invariably a duststorm 
occurs m the evening. The earlier part of the day may have been either sunny 
throughout, or cloudy, but the approach of a duststorm is generally recognized 
by a characteristic oppressive feeling. Thunder and lightning are general features 
of diiststorms. A lowering of temperature and a rise in relative humidity, even 
when no rain fails, almost invariably accompany a duststorm. At the tinio of a 
duststorm, the barograph shows an immediate but slight rise, irrespective of whether 
the barograph is falling or rising. (Observations in 1928 only).* The soil tem- 
peratures are unaffected when no rain accompanies the duststorm. Occasionally 
there is a slight reduction in the soil temperature at 5 cms. depth due, probably 
to the increased evaporation from the soil on accoimt of the wind. ’ 

We will now turn to the details of the data xnesented. 


Increase in height curves of the variety 4F are presented m Fi^nires 3 4 and 5 
for the years 1926, 1927, and 1928 respectively. The cotton was"* sown each year 
about the beginnmg of May. In general, it is found that the increase in height curve 
of 4.F sown m early May and similar curves of other varieties sown at the same date 
also 4F cmves sown at different dates) agree so closely iu their daily fluctuations 
though not necessarily m the amplitude of their fluctuations that I shall confine 
my attention, therefore, to the 4F curves from the crop sown m early May as 4F 
provides very nearly the total area sown to Punjab-ibnerican Cotton in the Pro- 
vince and the beginning of May is a most usual sowing date. 

Mr. Bailey and myself (2) consider that elongation is not necessarily an index 
of growth m mass, and though it seems that the two phenomena must be Lrelatc^ 
this hmita ion should be borne m mind. Our experiments supported the coS 
sions ot other authors^ (McDougal, Livingston, Balls, etc.) that increase in lemdh 
depended chiefiy on the availablility of water to the plant. Kecently published 
work m America by Veihmeyer and Hendrickson (9) also supports this si^“ 
They say that increase in length depended entirely on the water used by tL pt rt 
and their figures give a correlation coeflicient of + -002 between use of water ’’ 

and growth in length. waiu 

Increase in height in the main stem of fl’. although 4P is very n,o„nr,„rH.,i f - 
^ be t^en as m index of lie general elongation of the plant. In Kgurc 0 it ™il! 
bo seen that the moieaso m length of monopodia conforms very ncarlt to th!.T 
crease in length of the main stem, ^ ^ 
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111 ea(^}i of tlie Figures Kos. 8, 4 and 5, curves are drawn for comparison witli the 
increase in lieiglit curves, showing the daily maximum and minimum air shade tem- 
peratures, the evaporation as measured by Piche-Cantoni Atmometers and the 
maximum soil tein])eraturo.s at 80 eras, depth. The incidence of duststorras,t the 
irrigations and rainfal.] are also indicated, 

(1) The eepect of irrigation and rainfall. 

In examining the increase in height curves for the three years, the most striking 
feature is the extent to which they are deformed from what would be expected to 
be a normal curve of grovdh. Tlie response to irrigation or rainfall is perhaps 
tJio most striking feature of the curves, but, even after an irrigation or a shower 
of rain, the elongation response is not necessarily immediate, nor is it uniform. For 
example, on July 6, 1928, Od) inches of rain was followed by a greater rise than 
followed an irrigation (supposed to be the equivalent of three acre-inches) on the 
28rd June. An irrigation on July 14 ami rain on July 24- were not imraecliately 
followed by a rise ; there was a delay of one day before the rise took plac,e. In 
1926, a considerable drop took place after two days’ rain on the 12th and 13th of 
July. It is clear from the curves that other factors tlian the actual presence of 
water in the soil influence the availability of water for increase in length. It is, 
however, equally clear that rain, or the application of irrigation water, exercise 
a profound influence on the plant’s capability to increase in height. There are 
one or two anoinalies : — as for example, the excessive decrease in 1926 recorded 
for the 9th July * on the 4th day after an irrigation ; and when other environmental 
conditions appear at least as favourable as on previous days. In tliis particular 
instance, it so happens that on the 10th July the plot was cultivated by hand, break- 
ing up the soil crust. The accumulation of COg in the soil had reached by the 9th 
of July such a magnitude that it began to afi'ect root absorption. The hoeing per- 
mitted of soil aeration with the immediate result that growth again proceeded at 
a rapid rate. This is an example of how impossible it is to separate, entirely, the 
eli'ects of one , environmental condition from the effects of other environmental 
conditions. 

It is, however, possible, on occasion, to attribute a particular growth manifes- 
tation to a particular cause. In the 1927 curve, for example, growtli increased 
ra/pidly after the rains on the 5th and 8th July, and was maintained at a higli level 
until the 15tli July, when it fell rapidly to the 23rd July. The maximum and 
minimum temperatures and evaporation during the period of fall give no indication 
of a limitmg effect when compared with the conditions prevailing, say during the 
period of rapid growth which culmina.ted on the 26th June. The soil temperatures 
at 30 cms. during the period were rising, reaching 38°C. on the 21st of July, but 
cannot explain in toto the decrease in gi’owth, for, as will be noted later, the soil 


♦Recorded on the morning of 10th July. 

t Days on which duststorins occur are marked by short upright lines at base of diagrams. 
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temperature records do not represent exacitly the soil t(‘mper;),tures under tlie 
cro]), and also, in other years, equally big decreases in growili 0 ('<;ur wIhui sful 
temp(n'y,tures cannot be supposed to be a limiting factor. 

It seems, however, that the cause of tliis particular dro}) iji growtli (‘.an legiti- 
mately be ascribed to the phenomenon Imown as pljysiological fb-ouglit BaJls 
(t) states that tlie Eg 3 q)tian cotton x^ant snlfc^srs for a portion of each day from a 
condition of xjhysiological drought. An exainijiation of the growth curve's for 
different years leads to the belief that in the runjah, tlie American crop - apart 
from a daily bout of physiological drought— also suffers from this disalnlity for 
days at a time and that the onh^ time when thi.s condition is not a limiting Factor 
is for the few days immediately subsequent to rain or irrigatio]],. To ivtiirn to the 
particular instance discussed above, we have tbe following conditions. Two licavy 
showers of rain in quick succession, totalling ax^proximatcly fell on an alluvial 
medium heavy soil. The effect of rain is to puddle tlu^ upper siirfiU'e of the soil, 
a crust being formed on drying. The air temperatures are fairly high, with a medium 
humidity jjermittiug at least an average transpiration. We thus have conditions 
which tend to induce jff'iysiological drought— v'ih,, a, soil in which capillary nvovemoiit 
is slow, and — after the original oxygen brought in wntli the rain ha,d been exhaiisttHl — 
a lack of oxygen in the soil, (and an accumulation of (JOo) which retards the absorp- 
tive activities of the roots, together with atmospheric conditions which, if water 
were available, would allow a normal removal of moisture by the root hairs from tiu^ 
soil. 

To these observations it must ]»e added that the water table is out of reach of the 
plant ; moreover below the alluvial layers of soil are strata of sand w}ii{;]i as.sist the 
rapid draining of the soil water to the dee^) water table. Certain observatiojis 
(at prcscuit imxmblished) in 1928 on soil moisture show tJta.t even irrigations in c.x- 
cess of the established custom are, on occasion, iiisufficumt to maintain the soil 
moisture at its presowing content in tJie u]jx>oi’ layers of the soil. The evidtuiee 
points strongly to a state of x^hysiological drought being .responsilile for many of 
the growth abnormalities showm by the growth curves. I' his condition must cer- 
tainly he highly detrimental to the crop’s progress. 


(2) The effect of evaporation. 

The question of evax)oratioii may l^e next (joiisid(u-ed. For the mi'asuromont 
of evaporation, atmometers of the Piclu'. Gaiitoni type obtaiiuid Irom J)r. E. Ik 
Livingston were placed between the rows of cotton vvitli tin' evajioratiug disc at 
a height of 16-| inches from the soil surface. It would b(.‘ (>xp(:‘c,ted, tJua-cforc, that 
irrigations should have a considerable effect on the evaporation as recordcsl ])y tlicssc 
atmometers. ; 

It will be seen that in the early stages of the cotton, before t/lit^ plant has jgrown 
up, there is a marked effect, but that when the jjlants are full-grown rain and 
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irrigations liave little effect on the evaporating power of what may be called “ the 
crop’s atmosphere.” 

Between maximum tem].>era,turos and the evaporation records there is a marked 
connection in tlie daily fluctuations, as would be expected. The maximum soil 
temperatures at 30 cms. and evaporation are also correlated to some extent and 
Table ir shows tlie, actual figuies. The 1926 and 1927 correlation coefficients are 
sigiuHcant statistically ; wlioreas tlie 1928 coefficient is not significant. The monthlv 
correlation coefficients do not show much uniformity, nor are they always signifii/ant. 
Comparisons were made of the montlily coefficients with total rainfall during the 
month, and with the num]n>r of rainy days <Iurin.g the month but did not sliow any 
definite relationships, thougli rainfall obviously must affect both evaporation anil 
soil temperatures. Tlie linking of soil temperature and evaporation by rainfall 
would thus be expected, though it would tend to be obscured by irrigations, whicli 
reduce soil temperatures, without greatly affecting evaporation. 

Table TI, 

Oorrdatum between niaxiwum soil tempemtwes {HO cms. ilepili) and empomtiov in 
cubic centimetres. 


1926 


1927 


1928 


Months 

r. 

1 S. E. of r. 

1 

i 

E. of r. 

r. 

S. E. of r. 

May . 


j 

-|-0.‘I5 

±0.14 

+0-37 

±0-28 

June ... 

.. 

i ■' 

+0-20 

+0-.18 

i +0.41 

±0-15 

July . < . 


j ±0-]5 

-I-0-4S 

±0-14 

' +0*16 

±0-18 

August . . 

-1-047 

±0-15 

+0.02 

±0-18 

+0-42 

±0-15 

Heptember .... 

+0-6,5 ' 

±0-U 1 

+0-.S3 

±0-16 j 

+0-55 

±0-13 

May to Sepl.. tak™ together . 

+0-49 ! ±0-09 

(exc'Iuding May aiul 
June). 

+0-61 

±0-0.38 1 

1 

+0-18 

±0-08 


uei,ween evaporation and increase in height 
are d.s inctly diKTcpant. They are given in Table III togethe with the corre’a- 
iion coefficients ior maximum soil temperature at 30 cms, and increase in heial,t. 
1 seems I'vident that dillei'ent fmi‘S 1,he cond.tions are such that the one or"the 
otlmr of these two actors (evaporat'on and soil temperature) tends to become imit- 
mg. Thus ill July 1 926, August 1927, and July 1928 the increases in he -ght depend 
more on soil ti'inporaturi's than on evaporation, in August 1926, June and July 
1927, evaporation is the more important factor, while in other months neither 
laid.or is limiting 
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Tlie evaporation curves * for the three years show tliat with t.lie growth of the 
crop, the evaporation within the crop diminishes as would he expected. During 
the latter part of the season, the evaporating powei’ of the air within tlu^ crop is low, 
and fairly constant. The general trend of the evaporation curves is to decrease 
after the middle of Jmie each year. 

(3) The eepect op duststorms. 

Duststorms appear to have littl ' effect on the evaporation ; for example, there 
was no increased evaporation on account of duststorms on the 19th and 2Uth 
July 1926, the 2nd August 1926 ; the 10th and 25th August 1927 and the 
20tli June 1928. Duststorms are frequently followed by increased liumidity as 
mentioned earlier, and in consecpience a reduced evaporation. Thus it appeai-s 
that in a well-grown crop, the “ (uop atmosphere ” is maintained at a fairly uniform 
l(‘vel of humidity. Duststorms can have little effect on the transpiration from the 
leaves as they generally occur at night, when the stomata are closed, and, as shown 
by the graph, have little effect on the evaporating power of tJie crop atmosphere. 
Yet duststorms are seen to produce a drop in growth almost every time they occur. 
It seems difficult to believe that high winds have no effect on the availability of 
water for increase in length. The explanation appears to be that, although during 
a duststoriu tlie stomata may he shut, transpiration still occurs, and it occurs a,t 
. that part of the daily cycle of growth — ^namely the early part of the night — when 
growth would normally he proceeding rapidly. 

Transpiration would also be likely to occur most rapidly from the new tissue 
just behind the growing point, where elongation is proceeding most rapidly and the 
cuticle is thin. The effect on growth would thus be axipreciable, while, as a dust- 
storm is generally of sliort duration, its total effec.t on the recorded evaporation 
(which is a summation of the whole 24 hours’ evaporation) would be less noticeable, 
and might he entirely obscured by the conditions, prevailing during the day, when 
evaporation is at its maximum. Another factor which may enter into the question 
is that of the mechanical effect produced by high winds. Bailey and Templeton (1) 
have published an account of the effect of handling cotton plants, and the same 
effect has been observed on cotton plants in the Punjab on which daily records of 
flowering, etc., have been taken. There is a marked stunting of growtli. It is also 
a matter of common knowledge that trees growing in wind-swept situations bend 
before the prevailing wind, and are generally dwarfed or stunted. 

The sbuntmg of cotton due to handling, the drop in growth following duststorms 
and the dwarfing of trees exposed to regular winds can probably .all be ascribed 
to the same cause. The effect cf handling cotton daily, during the morning, when 
the stomata are widely opened would be to increase transpiration slightly, and 
the accumulated effect of less water available for elongation would show at the end 


♦Note. — ^Tlie evaporation and soil temperature curves for each year are inverted. 
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of tile seasoR, Just as, during a duststorm, the effect of violent motion for a more 
])roionged x)eriod. is reflected in the growth curve the next morning. It was actually 
found in 1927 that the average daily increase of plants measured weekly was treater 
in seven comparisons out of eight than the average daily increase of plants measured 
daily. 

(4) The EFFECT OP SOIL TEMPERATURES. 

In considering the effect of soil temperatures on growth, it must be noted that 
tlie soil temperatures were measured in an ope/i patch in the centre of a cotton field. 
In 1928 when soil temperatiu’es taken in a plot of cotton, there was found to 
be a difference of approximately 3°C between the temperatures in the open, and 
tliose under cotton, at a depth of 30 cms. up to the end of July. From the bemn- 
ning of August the difference widened owing to a fall in the temperatures under 
cotton. The increased shading effect of the plant seems the obvious explanation 
of this deviation. 

There appears to be an obvious negative correlation between maximum soil 
temperatures and increase in height. In 1928 this apimrent correlation though 
small is continued beyond the point where the soil temperatures uuder the crop 
deviate from the soil temperatures recorded in the diagram. 


Table III. 


Year 

Month 

COKREtATIOK COJSi 
INCEBASB XN- 

Daily maximum soil 
temperature at 30 cms. 
depth 

MOIEJfTS OP DAILY 
HDIOHT WITH— 

Daily evaporation 
through atmo- 
meters 

f 

June . 

r = +-053 ±‘21 


1026 . ... .4 

July 

r = —633 ±-11 

V = —036 ±«21 

1 

August 

r = — 412- ±-15 

r - — 747 ±.087 

f 

i June 

r = +*021 ±*17 

r « —653 ±*103 

1927 4 

' July . 

r = —468 ±-14 

r = — 73 ±-037 

[ 

August . 

r=— 764 ±-076 

r = —255 ±*17 

f 

Juno . . . 

r = — 148 ±*18 

E = —138 ±.iS 

1928 . . . . J 

1 

i July . ■ . 

r = — 677 ±*097 

r = —033 ±*19 


August . . 

r ™ — 409 ±.15 

r «= —377 ±-15 


B 


i 
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There may tluis lie little effect on the plant actually caused by soil temperature 
directly but the correlation coefficients in Table III between soil toniperature and 
increase in height are sufficiently large to sliow that those environmental factors 
which cause high temperatures in the soil react unfavourably on the plant rivliicinst 
its growth. 

Camp and Waffier (5) in. pot experiments show that at soil temperatures of over 
34°C the growth of cotton seedlings is decreased. In 1928 the recorded tempera- 
tures at 30 cms. never exceeded 3G°C, and under the crop would be still less. Camp 
and Walker coii'iider, however, that there may have been some other limiting factor 
operating which obscured the effect of soil temperatures on growth. Work has 
also been done by Gannon (6 and 7) on the growth of cotton roots at different tem- 
peratures and with different oxygen concentrations. These ex])criments WT're also 
on seedling plants, h'urther work is required on the relation of soil tempi' ratures 
to crop growth in the field. The factors enumerated l)y Keen and liussell (8) as 
affecting soil temiierature w'ould require to be investigated individual^. 


(5) The epfect of maximum and minimum air te.-uperatu-Ues. 

Finally, the maximum and minimum aii' temperatures remain to be considered. 
The correlation coefficients between daily increases in height and maximum and 


Table .IV. 


Correlation heUveen daily increase in kciylit of 4F Punjab-American cotten 'plant 
and maximum and minimum, air temperahrres. 



192G 

1927 

1028 

niax. 

—044 ±48 

±0*05 ±*17 

—0*20 ±*48 

June , . . 




tMin. 

,±0*005 ±*22 

±0*58 ±*11 

±0*14 ±*15 

fMax. 

July . . . A i 

LMin. i 

I —0*09 ±*18 

—0*03 ±*18 j 

—0*17 ±*55 

—0*12 ±*18 ' 

—0*10 ±*18 

±0*07 ±*17 

fMax. 

—0*37 ±*13 

—0*28 ±*15 

±0*34 ±*44 

August and September . ■{ 




—0*06 ±*16 

±0*32 ±*15 

4-().10 ±*10 


minimum air temperatures given in Table IV are not statistically signilieant and 
show that any direct temperature effect on growth can only be slight. In so far 
as air temperatures affect evaporation and soil temperatures, and are themselves 
affected by rain and cloud — -which also affect evaporation and soil temperatures— 
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they would exercise some small effect on growth, but it is obvious that under irri- 
gated conditiojis, air temperatures would not necessarily affect the availability of 
water to the plant. But in view of Balls’ wmrk (3) this lack of direct effect with 
temperature is unexpected. Yet in each year numerous instances occur w-here growth 
increases in spite of high maxima, or decreases in spite of high minima, and vice 
versa, A striking example is seen in 1926, where from the 2nd to the 9th July 
growlh increases rapidly, even though the maximum air temperatures through- 
out are well above Balls’ thermotoxic point. The watering on the 6th July accounts 
for this rapid growth, and shows that, provided water is available, air temperatures 
up to IIG'^F do not depress the growth of Punjab- American 4F. This is a striking 
testimony to the hardiness of 4P. 

Summary. 

The climate of the Punjab is generally reviewed during the cotton growing 
season and compared with that of some other cotton growing countries. 

Diagrams showing the daily march of maximum and minimum aii* temperatures, 
evap>oration in the cotton Held, soil temperatures and the incidence of duststorms, 
rainfall and irrigation during the season are presented in comparison with the daily 
increase in height of Punjab- American Cotton 4F. These diagrams are briefly 
discussed. There is an increase in tlie rate of elongation following rain and irriga- 
tion and a temporary decrease following duststorms. A reason for the decrease 
following duststorms is suggested. 

The evaporation in the crop’s atmosphere” decreases as the crop grow's and 
becomes fairly constant. There appears to be a connection between maximum 
soil temperatures at 30 cm. depth in irrigated fallow and elongation. 

The effects of maximum and minimum air temperatures on increase of stem 
elongation are found to be surprisingly small under irrigated conditions wdth 4F' 
Pimjab- American cotton. 

Achiowledgment. The experimental work on Indian Cottons described in the 
paper was carried out by the Cotton Kesearch section at Lyallpur which is financed 
partly by the Indian Central Cotton Committee and partly by the Punjab 
Government. 
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